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CHAPTER I. INTRODUCTION 
PREFACE 
Much has been written about apprentice training 
in general, but it is surprising to see how litt le iDror-
mation is available pertaining to a complete apprentice 
training program for machinists, toolmakers, and diemakers. 
There are some works available on the metal tra des as a 
whole, but t he se are of neces s .ity general in t heir approach 
since the metalworking trades include many dissimilar occu-
pations. As an illustration of this point, the Department 
of Labor lists the following occupations under the metal-
working trades: machinist, molder., foundry worker, tool 
and die maker, die sinker, polisher, jeweler, engraver, 
sheet metal worker, boiler maker, and structural iron worker.* 
Naturally, any person attempting to cover all of these occu-
pations in a single study will have to be quite general, 
since most of the occupations are unrelated. In view of this, 
I have chosen only the related occupations of machinist, 
t ·oolmaker, and diemaker. In this manner, I hope to present 
a more comple,te s tudy than those previol,l.sly made i n this 
field. 
PURPOSE OF TP~ STUDY 
This study will endeavor to fully explain a com-
* 43, P:• 11 
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plete apprentice training program in the metal machining 
trade. It will provide ample information for the owne r 
or manager of a machine shop who desires to put such a 
program into operation. The problems of recruiting, paying, 
and rating apprentices will be covered, as well as the prob-
lems of personnel required and the equipment necessary to 
begin training. In addition to the regular training pro-
gram, suggestions will be made concerning more advanced 
programs for apprentj_ce graduates with supervisory capabil-
i t ies. Finally, the effects of apprentice training on the 
worker, the company, and the nation will be evaluated. In 
this manner, it is hoped to bring out the importance of appren-
tice training in industry today. 
I MPORTANCE OF THE SUBJECT 
The economy of our country during the past 100 years 
has grovm from a predominantly agricultural one to our 
present day economy typified by high speed, mass production 
factories. Never before in history has a nation expanded 
as rapidly. This expansion has been brought about by our 
ability to invent and produce machinery and equipment 
better than any other nation. One has only to review the 
milestones in this growth to become aware of the great ad-
vances that have been made in this relatively short period 
7 . 
of time. 
1764 - Spinning Jenny::-
1787 - Power Loom 
1793 - Cotton Gin 
1807 - Steamboat 
182:9 - Locomotive 
183.2 - Harvester 
1835 - Telegraph 
1839 - Rubber Vulcanizing 
Sewing Machine 
Bessemer Steel 
Telephone 
1846 -
1846 -
1875 
1879 
1895 
1896 
1903 
- Electric Light 
Automobile 
- Wire less Telegraph 
- Airplane 
Today this trend is continuing at an even faster 
pace. Recent developments such as the atomic reactor, 
television, electronic computers, transistors, the auto-
matic factory, guided missiles, and soon, the space satellite, 
indicate that an even greater period of development lies 
~ead of us. If we are to take advantage of t h ese tremen-
deus new opportunities, we must expand our skilled labor 
force at a much more rapid pace than ever before. It is 
not strange that a nation that has grown as rapidly as ours 
should outstrip its skilled labor force, but if we look 
into the past we can see that never before has skilled 
labor been in such great demand as it is at present. An 
examination of the Census Bureau reports since the turn of 
the century shows that the percentage of professional, 
skilled, and semi-skilled workers has slowly but steadily 
increased while the percentage of unski lled workers has 
decreased quite rapidly.-:H*- This upward trend in demand for 
highly skilled workers continues, and is a result of the 
-~ 2', p. 5 
*~- 10, p .l 
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application of research and invention to our whole economy • 
.. 
That we expand our skilled labor force to meet present 
demands is important, not only t o our economy, but to our 
National Defense as well. During World War II the skilled 
manpower shortage was so acute that more than 435,000 
young rran under the age of 30 were not called to active 
military duty because their skills were needed at home. 
Many copper miners were actually removed from front line 
duty a nd sent home to work.* 
Many people feel that the increased emphasis on 
automation will balance the s k illed lab or shortage, but in 
most cases this has not held true. Automation requires 
addit ional numbers of electronic technicians to repair, 
install, adjust, and operate the new machinery. Also, more 
men will be needed to design and produce it. The impact of 
aut ~ mation on skill will be to diminish the proportion of 
semi-skilled workers, and to increase the proportion of 
skilled workers. 
Our present work force numbers approximately 67.3 
million workers. Of these, some 9 million, or about 1 out 
of every 7, are skilled workers or technicians, people who 
combine te chnical knowledge with manual skills.~~-:t- These 
skilled workers enter industry from ;high school or the 
* 46, P• 13 
** 12 
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armed forces, and receive their technical training through 
apprenticeship, technical schools, industrial training pro-
grams, or from accumulated job experience . A very small 
port ion of these workers come from foreign countries. At 
present the United States needs at least 250,000 new skilled 
w:orkers per year just to replace those who die, retire, or 
leave the field.-:~ : Registered apprenticeship programs grad-
uate about 40 ,000 apprentices yearly. Another 30,000 to 
40 ,000 come from programs not registered with the United 
States Department of Labor •*->~- Up until World War I, immi-
grants who had received their training abroad provided the 
main source of skilled manpower in this country. Since the 
early '20's however, when new immigration legislation was 
enacted, only relatively few immigrants are admitted each 
year. At present, about 10,000 workers enter this country 
each year, of which 14% are professional or technical workers, 
and about 30% skilled or semi-skilled.-lHH~ Thus one major 
source of supply has been all but eliminated. This means 
that the majority of our skilled workers will attain their 
skill by. haphazardly progressing from one job to another. 
The National Manpower Council estimates that 3 out of 5 
workers develop their skill i n this manner .-:HHH~ This is not 
only costly and inefficient, but is also a much leng thier 
process than the tried and proven apprentice training sys-
* 22: 
-lH~ 46' P• 11 
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tern. 
In the metal machining trade the skilled labor 
shortage is just as acute. As or July 1, 1956, there were 
8,828 registered active machinist apprentices and 8,699 
toolmaker-diemaker apprentices out or a total or 33, 882 
in the metal-working trades.* The NTDWill (National Tool and 
Die Manuracturers Association) estimates that tooling needs 
will be 50% greater by 1970 than they are at present.->PA-
Industry needs new men not only to replace those who are 
being promoted, retired, or dying, but also to add to the 
present machinist rorce in order to meet the demands of 
our expanding economya The NTDMA estimates that about 
8,000 apprentices should begin training every year. This 
would mean some 31,000 apprentices in training at all 
times compared to the present number of 8,699.*~A- The sit-
u a tion is almost identical in the machinist group. The 
tradit ional ratio of ap prentices to journeymen in the metal 
machining industry has been 1 10, but present demands 
are forcing this ratio to 1 : 5 and some companies are even 
considering a 1 : 4 ratio as more sui table .->HH.'-* Providing 
the skilled manpower to meet the demands shown above is a 
problem worthy of serious consideration. 
* 49, P• 1 
->h'} 13' p • 138 
-hY~~ 13, P• 140 
·i.'->.."-** 24 
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AP PROACH TO BE USED 
The first chapters of this study furnish a back-
ground of apprentice training including history, laws, and 
present day practices. Following this will be a discussion 
of apprentice training as it affects management. The main 
portion of the study will be on the actual training program 
including the requirements for admission, working conditions, 
and finally a detailed breakdown of the actual training in 
the classroom and in the shop. Also discussed will be a 
more advanced training program using an actual company as 
an example. 
12. 
CHAPTER II 
HISTORY OF APPRENTICESHIP 
I N TP~ UNITED STATES 
Apprentice training as we know it today is an out-
growth of the guild system employed in Europe during the 
Middle Ages. The early craftsmen associated themselves 
with guilds during this time for their ovm protection and 
the advance rre nt of their crafts. The apprentice was usually 
in the indenture or. a master craftsman to whom he was de-
pendent for food, clothing, and lodg ing as well as for his 
training. Included in the guilds were journeymen who were 
a step below the m~sters i n the i r craftmanship and ability. 
The length of the term of apprenticeship _varied with the 
different occupations, but a term of eight years was not 
uncommon and in many cases was a typical "tour of duty". 
During this time, the a pprentice was actually the property 
of his master, and was bound by l aw to abide by the conditions 
of his indenture. When the early immigrants be g an to settle 
in this country, many craftsmen brought their apprentices 
with them and so the tradition of apprentice training began 
in America. Later, as the p opulation grew and the problems 
of providing for the poor children of the colonies multi-
plied, many children, ten years old and younger, whose par-
ents were too poor to support them, were indentured to 
masters who agreed to teach them a trade. It was during 
this period in the history of apprenticeship, (during the 
13. 
eighteenth century) that a stigma developed in the public 
attitude toward apprenticeship. This was brought about as 
a result of the exploitation of poor children, as well as 
poverpy stricken men and women. Many of these people became 
indentured servants with little or no opportunity to learn 
a trade. In many Southern states, the P" actice of inden-
turing servants, many of them undesirables and former pris-
oners, was followed by calling them "apprentices"·· Ship 
captains and bartering agents imported these unfortunates 
from abroad for profit on the condition that they would 
work off the . cost of their transportation through indenture 
to Southern plantation owners. As the country grew and be-
came more industrialized, new areas of skilled work were 
developed which created new fields for apprentice training. 
Actually, the industrial revolution changed the whole system 
of apprentice training. The apprentice-master relationship 
continued, but the concept of "·domestic apprenticeship"· 
gradually disappeared as a result of the size and imperson-
ality of new factories and the enactment of public education 
laws. The previous system of compensation through room and 
board was replaced by employers by payment of wages, which 
were graduated according to a predetermined scale based on 
• I the apprent~ces level of efficiency at his trade. 
Apprentice systems gradually developed in the fast 
growing industries of those times, especially in the iron 
14. 
foundries and ship building yards. Later, the machinery 
and electrical equipment plants, government arsenals, navy 
yards, and printing shops started programs of their own. 
It was not until the latter part of the nineteenth century, 
however, that apprentice training programs as we know them 
today, were developed. During this period, the number of 
plants employing such programs would be considered inadequate 
when compared to our present programs. It must be remem-
bered that, in those days, the largest part of the skilled 
labor in this country came here from Europe. Most of the 
skilled workers wh o acquired their skills in t h is country 
did so by watching others and gradually progressing from 
one job to another. 
In spite of the rapid growth of industr y and the 
corresponding increases in production, working conditions 
and wage rates of apprentices lagged many years behind the 
times. Oldtimers today will tell you that when they started 
their apprentice training in the 1890's, the prevailing 
wage rate for apprentices was in t he neighborhood of five 
cents an hour for a sixty hour week, with no bonus for 
overti~. By our present standards, working conditions in 
those days were little better than legaliz.ed slavery. 
THE PRESENT SITUATION 
With the enactment of immigration laws, the Euro-
pean labor market as a source of skilled labor for our 
15. 
rapidly gr owing industries was lost and industry faced the 
problem of training its own skilled laborers. This has 
been one of the main reasons for the expansion of appren-
tice training into many industries where apprentice training 
as previously unknovm. Today, apprentices are in training 
in over 300 skilled occupations under 90 ·different trade 
classifications. Their employers number over 150,000, cov-
ering practically every phase of industry.* In addition, 
the gr owth of unions has brought a level of working condi-
t ions which would have been considered impossible fifty 
years a g o. Today's apprentice is not the property of his 
master. He lives at home, and draws wages ranging from $ 40 
to $60 a week. Instead of from eight to twelve years to 
learn a craft, he s pends only four years. His work week 
is forty hours, and he receives time and a half for any-
thing over this. In addition, he receives ~pecial schooling, 
often in accredited universities, and at the end of his 
term of ·apprenticeship, he is given a certificate similar 
to those awarded to graduate s of eng ineering universities. 
Instead of a master as his sole boss, the apprentice him-
self often has a voice in his training procedure through 
a joint management-labor apprent iceship committee. This is 
a far cry from the slave-like conditions that existed for 
so many years. 
* 43, pp. 13, 14 
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I MPORTANT LEGISJ~TION CONCERNING APPRENTICES 
The Fitzgerald Act 1937 
In 1937, the national apprenticeship law was passed 
by Congress. This law known as the Fitzgerald Act was 
enacted tt.t o promote the furtherance of labor standards of 
apprenticeship ••• to extend the application of such stan-
dards by encouraging the inclusion thereof in contracts of 
apprenticeship, to bring together employers and labor for 
the formulation of programs of apprenticeship, to coopera.te 
with State agencies on the formulat ion of standards of 
apprenticeship."* 
As a result of this act, the Federal Committee on 
Apprenticeship was reorganized. It now includes an equal 
number of representatives of labor and management, in addi-
tion to a representative of the u.s. Office of Education. 
The Fit zgerald Act also established the Bureau of Apprentice-
ship (former ly called the Apprentice Training Service) as 
the administrative agency of the Department of Labor to 
carry out the objectives of t h is act along lines determined 
by the Federal Committee. As an aid to employees and labor, 
the Fe deral Committee has prepared certain provisions to. 
be followed in setting up an apprenticeship program. These 
fundamentals are: 
1. The starting age of an apprentice to be not less 
-l~ 2-, p. 190 
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than 16 years. 
a. A schedule of work processes in which an appren-
tice is to be given training a nd experience on the job. 
3. Organized instruction designe d to provide the 
apprentice with knowledge in technical subjects related 
to his trade. (A minimum if 144 hours per year of such 
instruction is normally considered necessary.) 
4. A progessively increasing schedule of wages. 
5.. Proper supervision of on-the- job-training with 
adequate facilities to train apprentices. 
6. Periodic evaluation of the apprentice's progress, 
both in j ob performance and related instruction, and 
the maintenance of appropriate records. 
7. Employee-employer cooperation. 
8. Recognition for successful completion.-ll-
In addition, the Bureau of Apprenticeship has set 
up certain standards pertaining to the various areas of 
apprenticeship . These standards are the result of exper-
ience gained in dealing with many different companies with 
regard to apprentice training . Although these standards 
are fair and reasonable, a fre quent criticism of them is 
that they do not fit the requirement s of many individual 
firms . These standards are made part of the apprentice 
a.greerrent of any company whose programs are re gistered with 
the Bureau of Apprenticeship and therefore are binding on 
both parties to the agreement. This is a major reason that 
some employers do not choose to register their programs with 
* 41, p. 2' 
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the Bureau. 
State Legislation 
As a resu lt of Chapter 707 of the General Laws of 
1941 in the State of Massachusetts, a Division of Appren-
tice Training was se t · ~P as part of the Department of Labor 
and Industries. This Division operates under the super-
vision of a Director of Apprenticeship and an Apprentice-
ship Council whose duties are also defined in the act. In 
addit ion, ce r tain basic standards, similar to those of the 
Federal Bureau, are prescribed as essential parts of any 
apprentice agreement. 
The State Apprenticeship Council is an advisory 
body consisting of three members re presenting management, 
three representing Labor, and two ex-of ficio members, the 
Director of Vocational Education and the Assistant Director 
of Employment Security. In addition to the establishment 
of Standards of Apprenticeship, this committee is also re-
sponsible for "adoption of ·shch rules and regulations as 
may be necessary to carry out the intent and purpose of the 
law, and to perform such other duties as may be nece s sary to 
give full effect to the pr ov isions of the law." * 
The basic objectives of the Council are: 
1. "To promote the training of the youth of our 
Commonwealth in skilled trades ••• 11 
-~·26, P• 2 
19. 
2.. " To promote formal apprenticeship programs 
with management and labor ••• " 
3. "'To develop and register these programs with 
the Massachusetts Division of A_pprentice Training • 
4 . mro encourage the establishment of Joint 
Apprentice ship Cornmi ttee s • • • 11 
5. "To cooperate with various Trade Associations, 
Labor Organi~ations, Bureau of Apprenticeship, U.S. 
DepartiD3 nt of Labor • • • 11 ~~ 
-~ 26, P• 3 
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II 
OBJECTIVES 
CHAPTER III 
:MANAGEMENT AND THE APPRENTICE 
A knowledge of metal machining is necessary in 
many different aspects of the manufacturing process. For 
this reason a realis tic appraisal of the objectives of an 
apprentice program in the metal machining trades is essen-
tial before any concrete proposals can be made. The g oal 
of apprentice training has traditionally been that of pro-
ducing master craftsmen or journeymen who have reached a 
high level of proficiency in their field. In the metal 
machining trades this means that the graduate machinist 
must be an expert in the operation and maintenance of many 
different machines. I n addition, he must have a thorough 
knowledge of the materials he works with, and the processes 
of treating these materials. Howe.ver, the machinist is 
not the only man who needs this knowledge for hisjob. The 
The foreman, the planning man, methods and t ·~me study men 
also need this technical training to perform their own 
specialities. The experience of the General Electric Com-
pany in Lynn supports this statement. In 1952, General 
Electric published a directory of apprentice graduates from 
the Lynn, Massachusetts plant. This directory listed all 
the apprentices who had graduated from the General Electric 
Apprentice Program since 1902. Between the years 1946-
1952, approximately 205 rr~n were graduated from the metal 
21. 
machining program. Of this group, more than hali', approx-
imately 110, were employed in some phase of planning work . 
Of the remainder, 24 were foremen, 36 were machinists, 13 
were draftsmen, and 23 were in other occupations within the 
company.* Thus, less than 18% of the 205 s k illed machinists 
were working directly with machines, even though they had 
graduated from the course less t h an six years previous. In 
planning such a program, it is important that management 
r ealize t h e de mands that will be placed on its graduates, 
and just what qualifications they should possess at the end 
of the program. 
FULFILLING THE REQUIREWlliNTS OF Trill COM PANY 
The result s which companies expect from their 
apprentice training programs vary with the size of the com-
pany and the nature of its products. For example, a small 
machine shop may require only a dozen or so skilled mach-
inis ts yearly to re p lace retiring workers. On the other 
hand, a large manufacturing concern might have far broader 
require ments of their app~entice program and would want to 
offer several different types . of courses in addition to the 
stra i ght machinist program. 
The Ge nel"'al Electric Company is a g ood example of 
t h is type of company. In their Lynn, Massachusetts factory, 
General Electric offel"'s three different levels of apprentice 
-><- 6, p. 8 
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training . The re is t he basic course which trains high 
school graduates to become skilled machinists. There is 
an advanced course desi gned to train young men with super-
visory capabilities, and there is a course conducted with 
the cooperation of Tufts University, which leads ultimately 
to a Batcheller's Degree in Mechanical Engineering . In 
addition, the company c on ducts abbreviated courses in machine 
op eration lasting from three to six months for the purpose 
of familiarizing men on their Manufacturing Training Pro-
gram with the fundamentals of shop work. 
In order to fulfi l l the needs of the company, while 
at the same time rec ogni zing the limitations of existing 
facilities and personnel, it is necessary to devote consid-
erable time t o the planning of t he apprentice program. 
ADMI NI STRATION OF THE PROGRAM. 
How the program should be administered ••• whether 
by a joint Union- Manage ment committee, or by Management 
alone ••• is a subject of strongly conflicting opinions. 
For this reason, a closer s t udy of t h e Joint Apprentice ship 
Committee and its func tions is essential to a better under-
standing of the prob lem. I have already mentioned the duties 
and structure of t h e State Apprenticeship Counc il in a 
previous section. In addition to this, there are also loca l 
or group Joint Apprentice ship Committees serving particular 
tr ades. Although the majority of these syste ms include only 
23. 
one trade, a g ood many of the m involve several rela ted 
trades such as ma.chinists, and tool and die makers. These 
committees are g iven the p ower and resp onsibility by t he 
appointing organizations to develop standards g overning the 
employment and training of all apprentices in the particular 
trade in that ge ographical area. As mentioned before, these 
standards include provisions for administration and super-
vision of the pro gram as well as requir ements for employment 
and training. They a lso prescribe the manner in which written 
apprenticeship agreeroonts should be prepared, and the ste ps 
to be taken toward registering these agreements with public 
apprenticeship a gencies. They outline procedures of super-
vision of training in both the s h op and t he classroom, p lus 
any othe r operating particulars agreed upon by labor and man-
a g e ment. F ina lly, the responsibilities of the joint commi ttee 
are usually defined in the standards. In the average local 
or area-wide joint apprenticeship committee, some twenty or 
more e mp loyers and one or more labor unions are represented. 
Finally we come to the individual Joint Apprentice-
ship Committee in the operating plant. Like the Joint A~pren­
iceship Committee groups at higher Jevels, this committee 
also consists of equal representation from management and 
labor. It meets at· regular intervals and performs such 
functions as handling grievances, reviewing performance 
records, and maintaining t he standards of the trade with 
24. 
regard to selection and training of apprentices. 
The selection of the type of administration is 
dependent on many different factors which may or may not 
vary with the size of t he company. Ford Mot or Company con-
ducted an organized apprentice program for over thirty years 
without the participation of organized labor. For the past 
fourteen years the program has operated successfully with 
the aid of a joint union-management committee . General 
Motors operates its program with the union participation 
related to issues involving the effect of the employment of 
apprentices_ on the employment of journeymen. General Elec-
tric, a p ioneer in organized apprentice training programs, 
has successfully operated its program without union parti-
cipation for over 53 years, and feels that the present situ-
ation is highly satisfactory. Similarly, the American Steel 
and Wire Division of United States Steel Corporation has 
operated a successful apprentice program administere d by 
management alone, since 1924 . In both these latter two 
companies, however, wages and working time are dependent on 
the collective bargaining provisions of the local union con-
tract .. 
Many of the larger companies with old, established 
training programs refrain from registering their programs 
~ith public a gencies because they fear loss of flexibility 
in the administration of their programs. As previously 
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stated, registration with certain public apprenti·ceship 
organizations imparts a binding obligation in many cases to 
adhere to the standards of that organization. Even though 
the standards represent minimum performance and organization 
requirements, the uncertainty of future developments creates 
a feel~ng of doubt which these companies would rather avoid 
by retaining absolute control of their programs. Also, due 
to t h e wide variation of standards in different states, many 
companies, with plants scattered all over the country re-
frain from registering with the state agencies because of 
the confusion that the different standards would create. 
Furthermore, many companies with years of e x perience 
in training apprentices feel that their own programs are 
far advanced over those of the public a gencies, and are 
ideally suited to the goals of their own individual comp-
anies. When you consider the fact that the Federal Committee 
on Apprenticeship was not established until 1934, and the 
Massachusetts Division of Apprentice Training is on ly slightly 
over fifteen years old, this feeling is more easily under-
stood. There are many a pprentice programs in existance to-
day which are based on minimum requirements far in advance 
of those of the public a gencies. 
Finally, the presence of union representatives on 
Joint Apprenticeship Committes often adds to the unfavorable 
attitude shown toward them by so1re companies. Although 
26. 
27. 
theorists try to prove that the long run objectives of 
Union and Management are the same, practical experience 
indicates that it is the exception rather than the rule 
when union and management work together toward common ends. 
A good example of the conflict between the two groups can 
be seen in their attitudes toward the training of craftsmen. 
Unions tend to emphasize the •danger of training more crafts-
men than c an be furnished employment, while employers are 
more concerned with the fact that failure to train a suff-
icient quantity of s ki lled workers can cause an uneconomical 
distribution of labor. 
It is the company which desires to initiate a formal 
apprentice program to which the public agencies have the 
strongest appeal, since one of the main purposes for which 
these agencies were established was to help spread the prac-
tice of apprentice training in industry. 
REASONS FOR NOT HAVING A PROGRAM • 
. There are many reasons gtven by employers for their 
lack of organized apprentice programs. Most common of these 
reasons are the following: 
1. nApprentice programs cost too much. n 
2. "1Apprent ice programs interfere with normal 
operat ions." 
3. 11We can't get enough qualified applicants.n 
4. "We train men and other companies buy them a way 
from us .. " 
5. 11We 1 ve always managed to ge t a journe yman when 
we needed one. 11 
The matter of cost will be dealt with in detail in 
a later chapter, but it should be sufficient to state here 
that it is the consensus of opinion of apprentice program 
e xecutives that the trainee begins to pay his own way and 
earn money for the company by the end of . his second year 
a:.t the latest. 
With regard to the second objection, a well organ-
ized program should be part of the normal operations and 
not conflict with them. On the job training can make each 
trainee part of the work f orce, doing man sized jobs at 
considerably less pay than the journeyman. 
The ability to obtain a sufficient supply of appren-
tices is dependent mainly on the t ype of program offered 
and the general employment situation in the community ~ Many 
college level programs such as the one offered by General 
E lectric, are swamped by applications just as the high qual-
ity universities are. In such c ases the problem of filling 
quotas is easy. The supervisor has only to determine which 
app licants are best qualified for the program . However, in 
many smaller companies the process of finding suitable cand-
idates for training is much more difficult and calls for 
vigorous recruiting on the part of the company . Possible 
sources of apprentices are given on page 35. 
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The siz~ of the community and the local employment 
situation also have a strong bearing on the availability of 
candidates. In some areas such as Boston and Cleveland, 
apprentice training has developed an excellent reputation 
and is greatly in demand by high school graduates. A recent 
survey of these areas indicates that there are mone young 
men anxious for training than there are jobs available.* On 
the other hand, certain areas such as Hartford, Connecticut 
have labor shortages. In such cases it often becomes necess-
ary to recruit trainees from other states. A good example 
of this situation would be the case of Pratt & Whitney Air-
craft who recruit apprentice trainees from all of the New 
England States. 
Turnover rates are fairly high in apprentice training 
programs with an average of one out of four quitting before 
completing his training. In addition a few graduate mach-
inists are pirated away by better paying companies. Although 
there are no figures available on the actual numbers of 
graduates lost through piracy, it is generally believed that 
the number is quite small. A General Electric executive once 
remarked that he felt that the company profited even from 
the men that lef-t the company, since they usually steered 
business toward General Electric whenever possible after 
reaching positions of authority in smaller companies. 
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Finally, the argument that "We've always been able 
to get a journeyman when we neE!ded one," · indicates the leth-
argy which is the main factor in the failure to initiate a 
program. Trained journeymen are not easy to find today and 
Department of Labor figures indicate that the scarcity will 
increase in the future.* The type of journeyman machinist 
who is plaguing the employment offices today is not apt to 
be the equal of a machinist trained and educated in your own 
shop. It is the forward looking employer -who can see far 
enough ahead to realize the need for training his own mach-
inists. 
~to 49, p. 3 
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CHAPTER IV 
SETTING UP THE PROGRAM 
DETERMINING THE NUMBER OF AP PRENTICES. 
The size of the training program depends on many 
different things, but is g overned chiefly by the facilities 
available and the needs of the company for new men and re-
pla.cerrents. To determine the apprentice needs, the employer 
should first ~etermine the numbe r of replacements needed 
annually to maintain the pre sent skilled work force status. 
Since all apprentices do not finish their training, it is 
then necessary to determine just how many men will drop out 
over the four year period. According to the National average, 
u.dropouts 11 follow this ratio: 30% during the first year, 30% 
during the second year, 28% during the third year, and 12% 
during the fourth year.~<- In order to insure 100 graduates 
annually, the training chart would have to look like this: 
FIRST YEAR SECOND YEAR THIRD YEAR FOURTH YEAR 
Start Finish Start Finish Start Finish Start Finish 
134 119 119 109 109 103 103 100 
134 119 119 109 109 103 
134 119 119 109 
134 119 
TOTAL •••••••• 465 431 
This means that 465 apprentices would be in training 
at the beginning of each year. 34 of those starting and in 
training would drop out during the year,and 100 would grad-
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uate at the end of each year. For a company requiring 
fewer graduates each year. there would be proportionately 
fewer men in training. Naturally, turnover rates will vary 
with different . companies, and the ... above figures will vary 
with the turnover rate. However, these figures will serve 
as an indication of the probable number of trainees required. 
There is an alternative method of determining the 
number of apprentices in training, by setting a fixed ratio 
of apprentices to journeymen. This method has the advantage 
of great flexibility but it is often difficult to arrive at 
a suitable ratio. Under this method, the ratio is usually 
fixed and remains so regardless of the ndmber of journeymen. 
In some cases, an upper limit is placed on the number of _ 
apprentices to be employed. For example, with an expanding 
work force, the ratio system is followed until a predeterm-
ined number of apprentices are in · training. When that point 
is reached, no new apprentices are hired until the number of 
journeymen has decreased, or the apprentice agreement is 
revised. 
A possible disadvantage to this system is that in 
periods when it is necessary to lay off journeymen, it may 
also become necessary to lay off apprentices in order to 
maintain the ratio decided upon. This would result in an 
interrupted and inadequate training period , as well as serious 
injury to the morale of the apprentices, which would undoubt-
edly hamper the future recruiting efforts. For this reason, 
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employers whose business is typically cyclical and who are 
faced with frequent layoffs often choose not to employ the 
full number of apprentices permitted by the ratio. .Another 
alternative solution to this preble~ is to base the ratio 
on the average number of journeymen employed over a period 
of six months or a year. 
Ratios determined by employers are usually quite 
flexible and serve only as a guide as to the number of 
apprentices to be hired'\ On the other hand, ratios spec-
ified in union agreements are more binding in that they 
must be adhered to. F'or this reason they are found to vary 
widely, being dependent on such things as: general. economic 
conditions, the bargaining power of the industry, and other 
factors. Many union-management apprenticeship agreements 
contain provisions for periodic review and change of ratios, 
especially when serious labor shortages are anticipated. 
Others allow for the bypassing of ratio limitations in order 
to employ veterans as apprentices or to make room for sons 
of employees or journeymen on the program. 
In order to insure apprentices against inadequate 
training in small shops, it is often required that a minimum 
number of apprentices be employed at all times. The minimum 
varies but is usually in the vicinity of from six to eight 
boys. Similarly, it is often necessary that an employer 
must have been in business for a certain specified number of 
years before undertaking any training commitments. In other 
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words, the bus iness must be rairly well established, and 
at least show promise or insuring the likelihood or appren-
tices rinishing their c ourse. 
LENGTH OF PROGRAM 
Generally speaking, the length or the training 
program is signiricant only in that it insures adequate time 
to thoroughly learn the trade . Unlike professional students 
in law, medicine, and teaching, who must devote many years 
and large sums or money to their education, the apprentice 
is paid adequate wages while he is receiving his training. 
As long as the apprentice is receiving wages commensurate 
WJith his ability, and his training schedule is giving him 
plenty or ability on his job, the time that he spends on the 
program is not significant l y important. There are cases 
however, where an employer speciries a term longer than is 
necessary to adequately learn a trade. The resultant sub-
standard wages result in a "cheap labor"' market which is 
harmrul to both the apprentice and t h e journeyman. In add-
ition, this practice also lessens the number or skilled work-
ers available to industry. 
To combat practices such as this, labor unions and 
trade associations usually speciry the length or time that 
the apprentice will be required to spend, to learn various 
skills. This per iod varies with the dif'rerent jobs, and is 
largely dependent upon the complexity or the skill to be 
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attained, and the employment situation in the industry. The 
t erm is usually stated in terms of years, with a specified 
minimum number of hours of work, usually 2)000, necessary for 
credit. 
In the metal machining trade, there are two major 
trade associations, the National Tool and Die Makers Assoc-
iation, and the National Machine Tool Builders Association. 
Both of these associations r e commend an 8000 hour course, 
with the National Tool and Die Makers Association recommend-
ing an additional 1000 hours of training for die makers. In 
addition to the shop work, these associations also insist on 
from 100 to aoo hours of related classroom instruction in 
such fields as shop mathematics, blueprint reading, and other 
related subjects. 
Some companies allow credit to be given to appren-
tices who have had previous experience either in the shop 
or on other apprentice programs. I n such cases, the appren-
tice is usually paid the wage rate of the period to which 
his credit advances him. Credit for previous e.:x;perience is 
usually limited to two years, regardless of the amount of 
experience actually received . 
RECRUITING. 
There are usually two questions which any employer 
contemplating starting an apprentice training program will 
ask himself. One is, 11'Where do I get the men?-"1; and the 
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other is, "Where do I get the money?" Chapter V of t h is 
study, on the subject of costs, will answer the second question. 
This section will attempt to answer the first. 
To be g in with, the log ical place to start looking 
for apprentice candidates is right in your own shop. Any 
unskilled or semi-skilled young man who can meet co-qrse re-
.quire rne n t s, is an excellent prospect for training . Sons or 
brothers of emp loyees are also worthy of consideration since 
the y off er a chance t o build up plant morale. Close contact 
with local high schools and trade schools is also an excell-
ent method of obtaining recruits. In many cases, vocational 
schools are anx ious to cooperate with employers i n preparing 
t heir students for specific trades. Guidance counsellors 
in the h igh school often have many able students who do not 
want to attend colle ge, and would welcome the chance to learn 
a trade. If the course is an advanced one and calls for men 
with a better scholastic background, the recruiter's job be-
comes more difficult, since he must compete with the colle ges. 
In s p ite of this, there are usually a g ood many able student s 
who, because of lack of money, or other r e asons, cannot att-
end a four year college course, and who would be anxious to 
receive an education while earning a de cent wage. 
DIFF ICULTIES ENCOUNTERED IN RECRUITI NG. 
One of the major difficulties in interesting able, 
qualified, young men in an apprentice training program is 
that of convincing him of the advantages of a 11 blue collar n 
job. In recent years, young people have somehow come to 
regard manua l lab or as inferior to rr.whi te collar" jobs. 
Parents are often heard to say, "I want my son to get a 
bet t er break than I did." The y scrimp and save to put their 
children through college, even though they may not be qual-
ified for colle ge, and might have a natural aptitude for 
skilled manual work. The misconce p tion that a colle ge degree 
is the only _way to a g ood job, has, and is, costing industry 
many valuable men , not only at the journe yman level, but in 
many higher supervisory positions as we ll. 
A g ood many of the larger companies bewail the fact 
t hat they cannot kee p their apprentice graduates at the 
bench. Within a year , a large majority of app~entice grad-
uates are already in p lanning and some in higher supervisory 
positions .. 
If actual figures we re available, it would probab ly 
be found that the average a pprentice graduate who has received 
additional education in either night school, or in c olle ge, 
rises to h i ghe r levels f a s ter than the average colle ge grad-
uate . 
The accompanying tab le will give some indication of 
the salary opportunities in the blue collar fie .-ld, as com-
pared to p ositions in the white collar field. These figures 
are based on a surve y taken in the Cleveland, ehio area in 
1954 . 
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SAIARY OPPORTUNITIES 
WHITE VS. BLUE COLLAR JOBS 
OFFI CE 
Cos t Accountant • 
Ge n eral Accountant • 
Ge neral Clerk . 
Pr oduct i on Control Clerk . 
Purchasing follow-up Clerk 
Production Planning Clerk . 
Shipping Clerk 
Shop Ti me keeper • 
Stock Clerk 
Stor es Repor d Clerk. 
• 
• 
• 
• 
• 
$ 93 . 88 
106.74 
87.35 
79.9'7 
84.75 
90.18 
74.72 
'7 4 . 9 7 
7 5 . 1 0 
7 4 .34 
AVERAGE WEEKLY EARNINGS. . $84.20 
FACTORY 
Automatic Screw Machine Operator 
Die Sinker. • 
Layout IVIa n . • • • 
Ma chinist . • 
Milling Machine Operator • . 
Patternma ker 
,. 
. • . • 
Pl a ner operator • • • 
Punch Press Set-up Man. 
Tool, Die , and Ga ge Ma ke r . 
Welder . • . . • 
• ., 
• 
• 
• • 
• 
. . 
• 
• • 
• • 
$ 90. 8 0 
130.00 
87.60 
92. 36 
8 4 . 4 0 
116..00 
86 . 8 0 
85.20 
98 .88 
8 2 .80 
AVERA GE WEEKLY EARNINGS . . $ 95. 48 
Source: Associated Industries of Cleveland, 
( Survey of Cleveland Area Plants Only) 
QUALIFI CA TIONS. 
The pros pective apprentice trainee will usually find 
the qualifications for acceptance to a program quite easy 
, 
to meet. Most apprentice a gree ments have a minimum a ge re -
quirement identical with that of the state in which the 
company is located. Other a greements have max i mum and min-
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i raum a ge re quire ments, but usually contai n provisions for 
the waiving of these requirements for veterans. 
Educational requirements vary with the level of .the 
t raining program. Completion of high school or its equiv -
alent is usually sufficient background for . most programs, 
although a few do require graduation from an accredited 
vocational school. 
In addition to the high school diploma, many com-
panies insist on the a pplicant's taking a series of tests 
t o determine such thing s as aptitude, native intelligence, 
and preferences. Some of the more common tests are: diff-
erential aptitude tests for numerical abilit y , verbal reas-
oning and spatial relations, Benet Mechanical Comprehension, 
BB, En g ineer and Physical Science Aptitude Test; Moore, Lapp 
Griffen Tests, part I, II, and IV, on mathematics, form-
ulation, and arithmatic reasoning; Kuder or &trong preference 
test; McQuarrie Test for mechanical ability; and the Army 
Alpha test. In cases where there are different levels of 
programs, the same tests are usually given all candidates 
with different norms being used to separate the candidates 
into various groups. Courses conducted in cooperation with 
local universities which offer accredited colle ge courses 
usually accept candidates only on the condition that the y 
are able to meet the entrance requirements of the unive rsity . 
Finally, minimum physical qualifications are usually 
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specified, with requirements based on Insurance Company 
Standards. 
FORMS. 
In order to keep paper work to a minimum, the emp-
loyer should prescribe certain standard, easily understood 
forms. These include the application for apprenticeship, 
and the actual indenture or agreement. Suggested forms are 
shown in the following illustrations. 
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APPLICATION FOR APPRENTICESHIP 
(Suggested Form) 
To be filled out in app licant's o~n handwriting. 
On this day of 19 __ , I hereby make 
application for apprenticeship to the Machinist's Trade in the 
works of Company, and agree to conform to the 
Company ' s Conditions of Apprenticeship and to the rules govern-
ing workmen in the Company's employ. 
Name in full Address 
--------------------~ ------ - --- --
Place of birth-l<- Date of Birth 
----------------
Father's or guardian's name Citizen?-::-_____ 
Father's birthplace* Occupation 
-----------------
Name of High School you attended Class? 
----
Vocational education, if any. _________________________________ __ 
In what youth and school activities have you participated----
social, athletic, or otherwise? 
List the jobs you have held 
Employer Dates Type of work 
From to 
Vfuy do you wish to learn the Machinist's trade?' 
Vfuy have you applied at the _ _________ Company? ______ _ 
*These questions are not permitted by Fair Employment Statu~es 
of some states . 
-:H:-Source--14, p . 133 
41. 
A. T . 1 lO M-5-55-914964 
The Commonwealth of Massachusetts 
DEPARTMENT OF LABOR AND INDUSTRIES 
Division of Apprentice Training 
APPRENTICE AGREEMENT 
THIS AGREEMENT, Entered into this ................ ......... day of 
................. .......... ........... born 
(Na me of app rentice ) 
to as APPRENTICE (and if a minor) ................... .... .......................... ..... ........ . 
to as his PARENT (or GUARDIAN), and ... 
to a s the EMPLOYER. 
(Name of parent or guardian ) 
(N a me o f Employer) 
, 19 , between 
hereinafter referred 
hereinafter referred 
hereinafter referred 
Witnesseth that the APPRENTICE, his PARENT (or GUARDIAN), and the EMPLOYER desire to enter into an agree-
ment of apprenticeship in conformity with apprenticeship standards in the following trade as approved by the Division of 
Apprentice Training, and therefore, in consideration of the premises and of the mutual covenants herein contained, do 
hereby covenant and a gree as follows: 
That the EMPLOYER agrees to employ the APPRENTICE for the purpose of enabling said APPRENTICE to learn and 
acquire the trade or craft of.. . ........ .... .. ...... upon the terms and conditions contained in the schedule on 
the reverse side of t his agreement and made a part hereof. 
That the APPRENTICE agrees to perform diligently and faithfully the work of said trade or c~aft during the period of 
apprenticeship, in conformity with the terms and conditions set forth on t he reverse side of this agreement and made a part 
hereof. 
That the PARENT (or GUARDIAN) promises that the APPRENTICE will duly perform all obligations undertaken 
herein. 
That the apprenticeship term begins on the day of. ....... ...... . .................. , 19 ........... , and 
terminates upon the completion by the APPRENTICE of (years or hours) of employment for said EMPLOYER 
in said trade or craft as stipulated on the reverse side of this a greement. 
That this agreement must be filed with and approved by the Division of Apprentice Training, and may be cancelled by 
either party during six months proba~ionary l?eriod; that the Director o~ ~~Pr!'mticeshi~ may _can~el this agree.ment, subject 
to hearing and appeal, upon applicatwn of e1ther party or on h ts own mJtJatJve after mvestJgatwn shows a JUSt cause for 
such action. 
(See Sec. llK, Chap. 707, Acts of 1941). 
That the apprenticeship standards referred to above are hereby made a part of this agreement with the same effect as 
though expressly written herein. 
That either ;,1arty may at any time consult with the Divisi on of Apprentice Training concern ing the int erpretation of any 
part of this agreement over which there is a di fl'erence. 
That the EMPLOYER who is unable to fulfill his obligation under this agreement may, with the approval of t he Direc-
t or of Apprenticeship, transfer this agreement to any other employer, provided that the apprentice consents and t hat such 
other employer agrees to assume the obligations of this agreement. 
IN WITNESS WHEREOF the parties hereunto set their hands and seals: 
. (SEAL) (Employor) (SEAL) (Apprentice) 
By 
(Offi cer ) 
(SEAL) 
(Ad dress) 
. (SEAL) (Address) 
Approved by the Apprenticeship Committee, (City ) 
by ....... . .... . ... .. . .. ..................................... on .. .. ................................... . .. .. . (This approval is for agreements where local committees are established) 
.... .......................... , 19 
Approved by the Division of Apprentice Training 
by Oil ................. , 19 ........ . 
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TERMS AND CONDITIONS 
J. PERIOD OF PROBATION: (Probationar y period shall be six months or approximately 1000 hours) 
From: ..................... .. . ............ .. .......... ········· ·· ··········- To :... . .......................................... ·······-····-··········· ········ 
2. MAJOR PROCESSES IN WHICH THE APPRENTICE IS TO RECEIVE INSTRUCTION AN_D EX~ERIENCE . 
(Under this heading state the different branches of the trade to be taught and the approx1mate tJme the apprentice 
~> hall work at each branch) 
3. GRADUATED SCALE OF WAGES TO BE PAID THE APPRENTICE 
(Apprentice wages shall average approximately 50% of the journeyman's rate over a similar period) 
1st. 1000 hrs. 5th. 1000 hrs. 9th. 1000 hrs. 
2nd. 1000 hrs. 6th. 1000 hrs. lOth. 1000 Ius. 
3rd. 1000 hrs. 7th. 1000 hrs. 11th. 1000 hrs. 
4th. 1000 hrs. 8th. 1000 hrs. 12th. 1000 hrs, 
Mi nimum journeyman's wage rate as of is per hr. (wk.) 
4. NUMBER OF HOURS PER DAY AND TOTAL NUMBER OF HOURS PER WEEK TO BE WORKED BY THE 
APPRENTICE. 
5. NUMBER OF HOURS OF SCHOOL INSTRUCTION PER YEAR TO BE ATTENDED BY APPRENTICE. 
(Approximately 150 hours per year) 
6. SPECIAL PROVISIONS. (Write here any terms and conditions not elsewhere stated in this agreement.) 
Assurance is hereby given by th e e mployer that th e re is a resonable certaint y tha t th e job for which the apprentice is to 
be trained will be available to him at the termination of his training period. 
SU PERVISION AND INSTRUCTION 
COMPANY SUPERVISORS AND INSTRUCTORS 
Most apprentice courses are carried on in fairly 
small organizations, and thus, the supervision of training 
of apprentices usually becomes the added responsibility of 
the foreman, the general foreman, and, in some cases, the 
plant manager . This is an unfortunate situation, since 
supervision or training requires full time attention which 
is liable to be sadly lacking in the absence of a training 
supervisor. Companies with larger programs, those with 
thirty, ·forty, or more apprentices, are fortunate in that 
they can afford the full time services of an apprentice 
training supervisor. 'rhe apprentice supervisor should have 
completed an apprenticeship, and should be familiar with 
modern teaching methods, since his job is similar to that 
of the high school principal. He must not only coordinate 
the training activities of the program with the other de-
partments of the p lant, but he must also maintain contacts 
with local school placement officers, and gather all the 
information on apprenticeship that is available. In add-
ition he serves as a . management representative to the appren-
tices, reflecting company policies and aims. He must also 
a .ct as spokesman for the trainees in cases which warrant 
the attention of higher management. 
The supervisor does not issue orders directly to 
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foremen and apprentices as a line officer would, and so 
his position in the org anizational set-up of the comp any 
should be that of a staff officer. Just who the supervisor 
should report to is dependent largely on the size of the 
company. In a multi-plant company, he would not be expected 
to be responsible to a sing le plant manager, since . his job 
deals with the problems of all t h e plants. The most common 
practice is to have the training supervisor report directly 
to the manager of industrial relations. 
Just as the job of the teacher or instructor in a 
high school or college carries a great deal of responsibility, 
so does the job of t .i:1e apprentice instructor in the shop. 
His job is to teach the apprent ices the intricacies of the 
complicated machinery which they must operate, and then he 
must grade or rate the apprentice according to the apprentice's 
proficiency and attitude on the job. Most important though, 
is the job of developing proper attitudes in the minds of 
the young men under him, with respect to their character, 
the work they do, and the obligations they have to the 
company. The young men on an apprentice program are at an 
age which is per g aps the most impressionable of the ir lives. 
Teaching them proper habits is an extremely important job. 
The combination of qualities which make a g ood shop 
instructor are difficult to find in a single man. He must 
have served in an approved apprenticeship, and must ge highly 
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proficient in the use and workings of the machines in the 
shop . Be must have the ability to pass on informa tion in 
a clear, organized manner. Thus any previous teaching e x -
perience, formal or inf ormal, should be considered an imp-
ortant factor. His rank would ordinari l y be that of foreman 
even though he might have .many more men under h i m than the 
ordinary shop foreman . In order to instill in him t h e feeling 
that the apprenticeship division is his responsibility, the 
instructor s h ould be given as much authority and prestig e 
as is possible. One way of doing this is to have him re-
port directly to the Supervisor of Apprentice Training , 
rather than to the general foreman. Other steps, such as 
g iving him his own office would also help to achieve this 
goal. 
METHOD OF INSTRUCTION. 
Ever since the beginnings of apprenticeship , the 
a pprentice has learned his trade by doing the work himself 
under the close and c ompetent supervisi on of the master 
craftsman . The jobs h e pe rformed were carefully planned 
and supervised so that he pr ogressed gradually up the ladder 
of ability. Todays s y stem has ac t ually changed very little, 
as far as t h e methods of instruction are concerned. The 
instructor, or foreman usual ly explains the working parts 
of the machine to the apprentice, and points out the proper 
safety precautions to observe. He then turns the p ower on , 
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and shows the machine in operation, and demonstra tes proper 
operating procedures. Then with a few additional facts on 
cutting s peeds and feeds, coolants, ru1d tools, the a pprentice 
is allov;ed to operate the machine himself under the super-
vision of the instructor. As he develops his s k ill, the 
apprentice is taught good working h abits and g ood safety 
habits. He develops an ever growing ap preciation of the 
technology involved as his skill improves and his e xper ience 
expands to meet increasing ly more difficult work assi gned 
him. Vfuen he has mastered one ma chine, the apprentice is 
moved to another type of machine, or a more comple x machine 
so t hat h is a bilities may develop as rapidly as possible . 
The importance of practical training cannot be over-
emphasized in this field. Classroom drills and theore tical 
exp lanations cannot replace the unde rstanding and confidence 
g ained b y doing a job with one 1 s own hands. ·The most vivi d 
verbal descri p tion p ossible, cannot instill the feel of a 
prope rly finished surface or the sound of the right tool 
cutting at t he proper speed. These are thing s that c a n only 
be understood from experience. 
SELECTION OF 1." ORK A1"'D EQU I PI/IENT - THE CENTRAL TRAI NI NG ROOM 
The biggest disadvantages of ap prentice training 
in the s mall shop is the inability of the company to furnish 
a proper selection of operations for t h e trainee to work on ~ 
In order to kee p the costs of t h e pr ogram to a minimum, i t 
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is necessary for trainees to work on production jobs andat 
least defray some of the training expenses. This me ans that 
instead of be g inning with the simplest jobs and progressing 
to fairly advanced machine and tool work, the apprentice 
must do his best with the shop projects that are av ailable. 
His training then become ·s dependent on the orders that the 
shop receives, and not on a carefully planned and super-
vised progression of operations. 
The second big disadvantage of the small shop is 
the need for total utilization of machine time and the in-
ability to schedule training processes on deffe rent mach ines. 
Instead of learning each machine thoroughly according to a 
predesignated schedule of operations, the trainee must work 
wherever the production· requirements allow. This usually 
results in a haphazard system of job rotation with the end 
result being that the a pprentice only half-learns many 
jobs in which he should be highly. proficient. 
As a means of correcting the a b ove mentioned dis-
adva ntages, the Central Training Section or Room is the 
most . effect ive alternative. The Central Training Room is 
nothing more than a section or room reserved exclusively 
for training processes.* All machines in the room are oper-
ated by apprentices under the supervision of the apprentice 
instructor. Instead of the responsibility for training 
being placed with one of the oper a ting departments whose 
~- 4, p . 62 
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ma i n interest is to get t he work out, the success~ul oper-
ation of the Central ·Training Room becomes the direct re-
sponsibility o~ the Supervisor of Apprentices and his sta~~. 
Not only does this place the method o~ instruction and the 
selection of suitable work and e qui pment under the super-
visor's responsibility , but it also furnishes the e~fect­
iveness of the program as a direct measure of the ability of 
its organization. 
In addition to t he direct me chanical e xpe rience 
involved, the Central 'l'raining Room also affords a more 
wholesome atmosphere , and a means of orienting the apprentice 
toward the company and it s p olicies.. The implications of 
this a dv antage become significant when one cons iders the 
fact that many of t he se apprentices will become the key men 
and supervisors in the not-too-distant future. 
One of the bigge st stumbling block s encountered in 
setting up the Central Training Room is its high initial 
cost. Heads of ope rating departments comp lain frequently 
of the "excessive 11 charges made against their departments 
to liquidate the cost of the Central ~raining Ro om. If these 
charges were simply a means of l iquidating installation 
costs and normal operating costs on work being performed, 
then the training room would justify its existence j ust as 
any other operating department wo~ld . However, the costs 
of training inexper ienced people are high . ~fuether t his 
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overcharge is charged to a training account and later dis-
tributed to the operating departments, or allov1ed to stand 
as an exti•a charge on the job itself, is .of little signif-
igance. The accountants can change their methods of handling 
./ 
it, but the fact remains that training costs exist and will 
always exist. Industry must pay for inexperience. 
The only way to reduce these high costs of training 
is to develop better training procedures and more efficient 
administration of the training process. These can best be 
developed under conditions where it is possible to observe 
and control the training program. It is for this reason 
that the Central Training Room offers the most eff'ective and, 
in the long run, the least expensive solution to the train-
ing problem. 
CP.J\PTER 5 
DETERMINING THE COST OF' THE PROGRAM 
In any discussion concerning the feasibility of 
training through apprenticeship, one of .the most important 
topics is that of costs of the program to the company. 11 How' 
:much will it cost me ? ·tt. is a fundamental question and one 
which :must be answered satisfactorily to the employer. With-
out some sort of definitive ans.wer to this question, any 
other recommendations for establishing an apprentice training 
program are of little use. In spite of the i mportance of 
the subject, the amount of information available on it is 
infinitesimal due to the customary industrial prac tice of 
avoiding the publication of any details concerning produc-
tion costs. As late as 1953, the Department of Labor admitted 
being a ~cquainted with only four cost analyses of apprentice 
training , of which only one had been published. F or this 
reason any attempt to evaluate actual costs of training must 
be based on a hypothetical situation. The profit and loss 
statement on page 57, with fi gures arbitrarily selected, is 
based on a report of the Department of Labor, not on any 
specific company. The following list of details of compu-
tation for such a profit and loss statement is intended as 
a possible so·lution to the problem and not as a precise out-
line.-:~ 
-;} 36, p. 2 
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COS T OF TRAINING 
The cost of training apprentices should be expressed 
as the average cost per apprentice per year. It would in-
clude the following items: 
1. Wa ges: Paid to Apprentices: This item should be 
the actual amounts reported on the payroll, even though the 
amounts include piece-rate payments, hourly wages, or a 
combina tion of the two. It should not be the basic rate 
guaranteed the apprentice. 
2. Bonuses Paid to Apprentices: This item should not 
be the sum of bonuse s actually paid out during the year under 
consider a tion. Instead, it should be the sum of the bonuses 
which would have been paid ou't to apprentices during the 
year · under consideration if the bonus amounts, which are 
being accumulated toward the apprentices account :for pay-
ment at sorre future date, had actually been paid during the 
year in question. In othe r words, it is the sum of poten-
tial bonus payments prorated for the period i nvolved. Be-
cause so me companies pay no ·.apprenticeship bonus unless the 
apprentice completes the full four-year term of apprentice-
ship, the sum of appre nticeship bonuses included in the a b ove 
total should be multiplied by a constant, representing the 
percentage of a pprentices who have actually received bonuses 
over a particular period of years. Any adjusted compensat ion 
bonuses paid to emp loyees and irf which, apprentices share, is 
also included in this item. 
52. 
3. Salaries paid to Management, and Supervisory and 
Instructional Personnel for Services to Apprentices: 
This item is partly accounted and partly estimated. It 
includes the salaries paid to apprentice supervisors and 
their assistants; the salaries paid to school instructors, 
if they are paid by the co~pany; and an estimate of the pro-
portion of management and production-foreman salaries which 
should be allocated to apprentice training. 
4. Wages and Salaries for Clerical, Janitorlal, Med-
ical, and other Services to Apprentices rarticipating in the 
Apprenticeship Program: These items will have to be est-
imated on a pro rata basis. 
5. Rent, Light, Heat, Power, and Water: These utillty 
items should be prorated. 
6. Plant Maintenance and Repair: These items also 
should be prorated. 
7. Machinery and 'rools Used in Apprentice Training:· 
To avoid excessive charges against the apprentices employed 
during any given year, these items should be prorated 
equally over the estimated lifetime of each machine, thus 
allowing for depreciation, and discounting any payments to 
the company which might be made by apprentices purchasing 
their own tools. To determine machinery charges, divide 
the initial cost of all machinery, in departments in which 
apprentices are employed , by the sum of the . estimates of 
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t.he lifetime of each machine, and divide the answer by the 
average number of all workers per apprentice in those depart-
rrents in which apprentices are employed during the year under 
consideration. 
8. Stock materials on Vihich Apprentices Work As Part 
of Their Training: This should include spoilage but e x clude 
scr~p used for training purposes. 
9. Various Other Charges: Where possible, these may 
be journalized as direct charges, but in most cases they 
will have to be estimated and prorated. They include such 
i terns as: amortization, plant insurance, unemployment ins-
urance, taxes, and depreciation. 
10. Other Services: To and Materials For Apprentice 
Training: This i n cludes, for example, blueprints and stat-
ionery, laundry, etc. 
ACTUAL AND POTENTIAL VALUE OF APPREiNTICES 
In computing the value of an apprentice, it is nec-
essary to take account not only his immediate productive 
value as an apprentice, but also of his potential value as 
a. craftsman after he has completed his apprenticeship, ass-
uming that he remains in the employ of the company which 
gives him his training. Furthermore, some consideration 
should be given to an intangible, comparable to good will, 
namely, the value of the apprentice's attitude toward the 
company in which he receives his training. The si gnifigance 
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of t h is last item., as a factor in reducing labor relations 
costs and as sales value in promoting the reputation and 
products of the company, is too frequently overlooked. 
From the point of view of the accountant, relevant 
items include the following:* 
1. The computed time-study value of acceptable pieces 
produced by the apprentice: This applies where apprentices 
are engaged in piecework or in the production of individual 
i terns in measurable quantities. 
2:. The balue of labor services given by apprentices 
to production departments in the plant: This applies where 
apprentices are not engaged in piecework, but are working 
with other employees on production projects in which only 
the gross wages paid for work completed can be measured. 
Determination of the value of the contribution made by the 
apprentices may be made by multiplying the total hours 
~orked by apprentices on these jobs by the actual or estim-
ated hourly rate paid them. 
3.. The difference between appr.entice and journeyman 
wage rates, where apprenti?es do work usually assigned to 
journeymen: This would be computed on the basis of a con-
stant whict assumes, for example, that a journeyman can do 
a job in two-thirds the time taken by the apprentice. The 
formula used in computing the added value of the apprentice's 
~!- 36' p .. 5 
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work would be: (two-thirds of the time taken by the apprentice, 
multiplied by the journeyman rate), minus (the time taken by 
the apprentice, multiplied by the apprentice rate.) 
4. Va.lue of apprentices considered as a proportion of 
the profit made on labor charges: This may be estimated by 
multiplying total apprentice wages by a predetermined con-
stant, such as one-third, to represent the profit made in 
labor costs charged to the customer for work done by a ppren-
tices. 
5. The assessed value of machinery and tools reclaimed 
by apprentices for productive use: This should be protated 
over the expected lifetime of the equipment. It is computed 
in a way similar to that for item ( 7), on the debit side, n 
namely, "machinery for apprentices." 
6. Costs borne . by apprentices which normally should 
be borne by the employer: This refers particularly to the 
costs of related instruction. Obviously, if the instruction 
is provided free of charge by public schools, the accounting 
entry wi ll be Zero. 
7. The value of inventions and suggestions made by 
rupprent ices: In view of the relative infrequency of this 
item, it should be prorated for all apprentices over a per-
iod of time, such as 10 years. 
8. Any other values not included above . 
9. Potential value of apprentices as journeymen in 
the employ of the company after graduation: It is difficult 
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to measure this item, but the suggestion is offered that, 
to t h e total value determined in all of the a b ove i terns, an 
amount be added equal to that fraction of the tot a l re pres-
ented by the relationship between (a) the number of a pprentices 
graduated during t h e past t e n years who have had five years 
or more of employment with the company after graduation, and 
(b) the total number of apprentices graduated during the past 
1 0 years. 
Th e above me ntioned items are intended only as broad 
suggestions as to the best methods ' of measuring the cost of 
apprentice training and evaluating the true worth of a ppren-
tices as potential additions to a company's skilled work 
force. Although detailed instructions for determining the 
e xact measurements are not given, it is felt that the broad 
concepts will be of help to the accountant in setting u p 
accurate cost accounts. 
HYPOTHETICAL ANNUAL APRRENTICE-TRAINING PROFIT AND LOS S 
STATEMEN T 
DE BIT I TEMS 
r. Total wages paid to a.ll apprentices 
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employed during calendar year • • $ 67,278 
II. Bonuses place to apprentice's 
accounts during calendar year • 
A. Piecework and job bonuses 
(Included in Item I above) • 
4 , 067 
Nil 
B. Adjusted compensation bonus paid 
Apr. 3 to all employees; propor-
tional amount to apprentices • • • ~p654 
c. Bonus amounts accumulated on books 
to be paid to apprentices on com-
pletion of a p prenticeship period: 
1. 2:0 have completed first year, 
thus credited with an extra 
$ 37.50 each • . . . 
2. 23 have completed second year, 
thus credited with an extra 
~p37. 50 each • • • 
3. 12: have completed third year, 
thus credited with an extra 
$ 75 each (Paid in Full) • • 
4. 12 h ave graduated, thus credited 
with an e x tra $ 75 each 
750 
863 
900 
900 
58. 
III. Salaries for management and professional services •• $ 14,400 
A. Apprentice Supervisor • 
• 
• • •. $ 6000 
B. Assistant Supervisor • 4,500 
c. School Instructor (part time) • • 2,700 
D. All manage me nt salaries combined, pro-
rated as 0,5% for services on apprenticeship. 
1,200 
IV. Other Wages and Salaries • • • • 
A. . Rent • • • .2,250 
. 4, 095 
B. Light • 
C. Heat 
D. Power • • 
E. Water • 
VI. Plant Maintenance and Repair (prorated as 
1/100 of total for plant) • • 
$la9 
258 
292 
50 
750 
VII. Machinery and Handtools for apprentice Training . 468 
A. Total initial value of all machinery 
in departments in which apprentices 
are employed. 3,750,000 
B. Estimated total life of the machinery. • 560 yrs. 
c. Average number of all workers per 
apprenti ce in these departments 
during year under consideration .40 workers 
D.. A/BC • $ 168 
E. Handtools supplied (less repayments 
made by apprentices) • • • 300 
VIII Stock materials on which apprentices work 
as part of their training (includes spoilage but 
excludes scrap used for training purposes) • .30,000 
IX. Vario~s other charges (each prorated as 
1/100 of total for plant • • 47,445 
X. Other Services and Materials • • • • 600 
Total cost of training 49.25 apprentices ~~ 172, 082 
Average cost of training per apprentice per year 
$3,494 
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CREDIT ITEMS 
I. Cost price of acceptable pieces produced 
by apprentices • • $ 80,622 
A.. Piecework hrs worked by apprentices. 77,496 hrs. 
B. Estimated average hourly rate paid 
apprentices on piecework • 
C. A x B • • 
D. Cost of stock used in this work. 
II . Value of other services on group jobs 
A. 
B. 
Cost pr ice of all work done • 
Total hours of gr oup work done 
• 
• 
• 
• $ 0.75 
• ~?58 J 122 
22,500 
• 
• 559,500 
by all workers on these jobs. • 180,709 hrs. 
C. Total hours of group work done 
by apprentices on these jobs. • .5,692 
D. AC/B . • • 
III . Cost difference between work done by a ppre ntices 
at a pprentice rates and same work done at 
journeyman rates • • • 
A. Total hours worked by apprentices 
on productive work • • 86,188 hrs . 
B. Journeyman rate • $1.88 
c. Estimated average hourly apprentice rate .78 
D. ( 2/3 AB) - C • 
IV. Profit on a pprentice labor charges (estimated as 
17,625 
40, 849 
being equal to 1/3 of total wa ges paid a pprentices 22,426 
V. Assessed value of equipment reclaimed by apprentices 
(prorated over estimated lif'e of' equipment) • • 
A. Estimated value of' all machinery reclaimed 
by apprentices (regardless of' where used), 
computed as of' date each separate reclam-
ation is completed • • • $ 48,900 
B. Estimated total lif'e of' machinery • 40 yrs. 
c. Average number of' all workers per apprentice 
in departments in which apprentices 
are employed during the year under 
consideration. • • • 40 Workers 
D. A/BC. • 
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$ 30 
VI. Costs borne by apprentices, to relief' of' employer • 375 
VII. Value of' inventions by apprentices (estimated and 
prorated over a ten year period). 7,500 
A. Estimated value of' inventions 
by apprentices • • $75,000 
VIII Any other values not included above. • Nil 
A. Apprentice bonus refunds • • Nil 
IX. Potential value of' apprentices as f'uture employees • 35,840 
A. Total graduates past 10 years • 52,0 
B~ Number of' a pprentices who have had five years 
or more employment with company. 110 
c. Sum of' items I through VIII above • 169,427 
D.. BCjA. 
Total productive value of' 49.25 a pprentices. $ 205,267 
Average productive value per apprentice per yr. 4,168 
Average profit per apprentice per year. $ 674 
CHA PTER VI 
ADMINISTRATIVE PROBLEMS 
EVALUATING THE APPRENTICE 
Keeping a detailed and up to date record or each 
a pprentice's training is an important operation ror any 
company. or course, each company h as its own riling and 
rating system which it e mp loys throughout its organizat ion, 
and it is very seldom that you rind two identical systems. 
In all cases however, the import ant features of any system 
of evaluating trainees are, rirst, that the· system be simp le 
and economical, and second, that it rurnish all inrormation 
necessary ror a thorough understanding or the trainee's 
progress and ability . To comply with these ~equirements 
or simplicity, economy, and thoroughness, the rollowing 
system is suggested as a workable solution to the problem. 
The basic rorms re quired ror this syste m are the 
rollowing: 
1. The Apprentice 1 s Monthly Record Card 
2. The F'oreman's Report 
3. The Master Record Card 
TP£ APPRENTICE ' S MONTHLY RECORD CARD 
The Apprentice's Monthly Rec ord Card as shown in 
the rigure on page 64 is retained at t h e roreman's or ins-
tructor's desk in the shop. The record is maintaine d by 
the apprentice himselr at the end of each days work. On it 
he writes h is name, clock number, the date, the ending date 
62. 
of the month to which the record refers, and t he apprentice's 
hourly r ate of pay at the beginning of t he pe r iod . Then , at 
the end of each day dur i n g t h e month the apprentice records 
the t ypes of operation by number or code, and the numbe r of 
h ours worked at each s pecific operation li sted in his sched-
ule of work processes, re marks, i f any, and the de pa rtment 
in which the work was performed. In addition, he records the . 
total number of hours worked each day. At ·the end of each 
day when he has filled out t he report the apprentice submits 
the record card to his instructor who init ial s· it. At the 
end of the month the foreman submits all cards to t he time 
office for verification. It is then sent to the apprentice 
supervisor's office where the totals are transferred to t h e 
Master Record Card. 
THE FOREMAN ' S REPORT 
In addition to t he Monthly Record Card, a Foreman 's 
Report is submitted to the Supervisor's office at the end of 
each thre e month period. An illustration of this .form is 
shovm on page 65. At the top of the form the fore man or 
instruc tor .fills in the a pprentice's name, clock number, the 
period covered by the report, and the department in which 
the apprentice is assigned. He the n rates the a pprent ice on 
each of the 19 traits liste 'd on the left side of the form b y 
making a che ck mark in the square under the number corres-
ponding to his opinion of the a pprentice's pe rformance. There 
a re seven numbers from which to choose, with descriptions 
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APPRENTICE MON'ri:ILY REC ORD CARD 
NAME DATE 
-
WEEK ENDING CLOC K NO WAUE RATE 
OPERATION 1 2 3 4 5 6 7 8 9 10 11 12 113 14 15 16 17 18 19 20 21 22 23 24 ~5 TOTAL HRS . R 
TOTAL 
HOURS 
FOREWlAN 
TOTALS VERIF I ED BY TI ME OFFI CE SI GNATURE OF VERI F'YING CLERK DATE __ _ 
65 . 
F OREMAN ' S RE PORT 
AP PRE NTICE. _______ _ ____ CLOCK NUMBER _ ___ _ 
PE RI OD F ROM. _____ TO ______ DEPARTMENT _____ _ 
TRA IT SHOP FlA 'PTNG 1-7 
1 2 3 4 5 6 '7 
-
WORKNIANSHI P 
ME CHANICAL ABILITY 
CA RE OF' EQUIPME NT 
INGENU I TY 
I NDUSTRY 
INI T I ATIIlE 
COMMON SENSE 
LOYALTY 
CO OPERATI ON 
ACCURACY 
APPEARANCE 
I-:IOU SEKEE PI NG 
PERSEVERANCE 
S PEED 
I NTEREST 
CARE 
LEADE RSHI P 
DE P ORTMENT 
RELI ABILI TY 
RE MARKS : 
F OREMAN ' S SIGNATURE DATE 
ranging from inferior to superior, and the number 4 repres-
enting average performance. These ratings are then trans-
ferred to the a pprentice's Master Record Card. 
THE MASTER RECORD CARD 
The Maste r Record Card serves as the permanent rec-
ord of all phases of an apprentice's training in the shop 
and in the classroom. For this reason it should be made of 
durable s tock, preferably heavy grade paper or cardboard . 
The two sides of the ~orm are shown on page s 67 and 68. The 
top half of the first page is divided into three equal sec-
tions. The right hand section contains the following infor-
rmt ion: 
1. Apprentice 1 s name in full, address, and tele-
phone number. 
2. Date indentured and course in which enrolled, and 
clock number. 
3. Date and place of birth . 
4 . Height and weight . 
5. Highest grade of education completed. 
6. Name and address of parent or guardian. 
In the same section there is a lso space to enter the 
apprentice's high school grades in such courses as Algebra, 
Physics, Geometry, and Mechanical Drawing, and spaces in 
which to record the grades received in any aptitude tests 
which might have been taken at the time of employment. The 
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center section of the first page contains spaces for re-
cording attendance and tardiness reports from the related 
instruction courses. Below that is a composite report card 
of the apprentice's grades in all related instruction courses 
taken during the program~ 
The left hand section is where the fore man's ratings 
of each ap prentice are recorded every 3 months on a form 
which is very similar to the form of the foreman's re port~ 
The 19 significant traits are listed down the left side of 
the form with sufficient spaces beside each trait for the 
recor·ding of 16 periodic ratings. lt'IJhen the clerk receives 
the foreman's reports she simply transfer s the numbers to 
the Master Record Card under the day's date. 
The remainder of the c ard is used to record t h e 
various operations reported by the apprentice on his monthly 
Record Card . There are six different sections representing 
the basic operations on the following machines: 
1. Lathe 4. Drill 
2 . Grinder 5. Shaper 
3. Milling Machine 6. Planer 
In addition, there is a section labelled Miscellaneous 
which covers such operations as fitting, assembling , and 
erecting . Each operation is nimbered so that the clerk may 
locate them easily when post ing entries. Below the code 
number of the operation is the minimum number of hours of 
training required for each process. When the clerk receives 
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the Monthly Record Cards she enters the date on the Maste r 
Record Card and then records the number of hours worked on 
each oper a tion in the appropriate space. When the appre n-
tice has completed the required minimum number of hours 
training on a certain ope ration, the clerk makes a check at 
the top of that column signifying that the require ments have 
been fulfilled. This serves not only as an indication of 
t r aining needs but also as an aid to scheduling work so t hat 
each trainee gets ample opportunity to work on every oper-
a tion. 
These records, as outline d above, are not assumed to 
be satisfactory in all individu al instances but are intended 
as a generalized system which may be adapted to practically 
any circumstances. For thi s re ason they have been made quite 
flexible. For exam p le, if it is felt that tbo .. much time is 
consumed making entries of Foreman's Reports, it would be easy 
to substitute a 6 month period for the 3 month period . S i m-
ilarly, totals from Apprentice 1 s Monthly Record Cards could 
be p osted every two months instead of every month. Of cou rse 
these steps are not recommended unless absolutely necessary. 
They merely show the possibility of such changes in cases 
where they are thought desirab le . 
WAGES 
Apprentice pay rates are normally set as a certain 
percentage of journeymen's rates with provisions for auto-· 
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matic increases as the skill of the apprentice develops. 
Starting rates of pay vary with the individual companies 
but it is generally accepted that the minimum starting rate 
shall not be less than half of the journeyman's hourly rate. 
In most cases however, the percentage is closer to 60% with 
increases every six months until, during the last period, 
the rate is approximately 90-95% of the journeyman's hourly 
rate. A typ ical apprentice agreement might contain the 
following schedule of wage rates. 
PERI OD PERCENT 
1st s:ix Months of Employment • 60.0 
2nd S i x Months of Employment . 65.0 
3rd Six Months of Emplo·:rment . 70.0 
4th Six Months of Employment . • 75.0 
5th Six Months of Emp loyment . 80 .0 
6th Six Months of Employment . 85.0 
7th Six Months of Employment . 90.0 
8th Six Mont hs of Employment . 95.0 
Under a system such as this, any wage increases 
obtained by the journeymen through collective bargaining 
are automatically granted to the apprentice force. Sorre 
a greements carry provisions that periodic increases are 
de pendent on satisfactory progress by the apprentice. Thus 
in periods during which the apprentice's ratings were not 
of a satisfactory grade, he would not receive the increase. 
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He would be eligible for the increase after three months 
however, if he had raised his ratings by that time. In 
cases where an apprentice had received credit for previ ous 
experience he might be granted an advance rate corresponding 
to his level of ability. In no case, however, would this 
rate be more than two years ahead of that of a be ginning 
apprentice with no previous experience. 
HOURS AND OVERTIME 
Apprentices normally work the same hours as journey-
men, 8 hours a day, 5 days a week. As a protection to the 
job security of the journeymen, some companies refuse to 
allow a pprentices to work overtime or on night shifts.. In 
most large shops however, overtime work is permitted during 
rush periods, provided that journeymen are also working over-
time. In such cases apprentices receive time-and-a-half for 
all work in excess of eight hours daily and doubletime for 
work done on Sundats and Holidays. 
SE NI ORITY 
An important problem which must be dealt with when 
apprentices graduate from the program is the establishing 
of the apprentice's seniority in relation to the re gular 
journeymen. There are various ways of dealing with this 
problem but ultimately the employer, or union, has one of 
three choices. First, the apprentice may receive full sen-
iority credit as a journeyman for the time spent in appren-
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ship. Second , the apprentice ma :; receive partial credit for 
his training toward seniority status. This type of provision 
usually allows the appremtice half credit for training time 
or approx imately two years. Third, the apprentice may re-
ce ive no seniority for his previous experience. In cases such 
as this, journeyman vacancies are usually filled by appren-
tices who achieved the highest grades during the training 
period. 
CONTII~UITY OF EMPLOYMENT 
In order to g eve apprentices the best training poss-
ible it is necessary to maintain steady employment. Unf'or-
tunately this is not always possible because of unfavorable 
economic conditions, slack seasons, or other circumstances 
which might cause a temporary layoff of personnel. For this 
reason a policy must be established pertaining to the laying 
off and rehiring of apprentices. Companies who maintain their 
apprentice force according to a set ratio usually follow the 
same ,rgtio whe;n laying men off. Determination of the indiv-
iduals to be laid off can be done by means of seniority on 
the program. When reP.iring it is customary to use the reverse 
order of layoffs so that the men with the longest seniority 
lose the least time. In addi tion it is usually necessary to 
rehire all old apprentices before any new ones can be hired. 
Realizing that la.yoffs are injurious to the apprentice as we 11 
a;s to the program in general, many employers try to guar antee 
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steady employment to apprentices and actually make such 
guarantees part of the apprentice agreement. Some employers 
guarantee 52 weeks work per year, others pr omise continuous 
employment during tbe first three years with provision for 
25% pay in the event of any forced layoffs. Such provisions 
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are beneficial to the apprentice, in that they give him a 
feeling of security, and to the employer since the improved 
morale of the apprentices will not only make supervision easier, 
but will also make his job of recruiting much simpler. 
UNION MEMBERSHIP 
Provisions concerning the status of apprentices with 
respect to union mimbership are usually included in the 
constitution and by-laws of the union rather than in the agree-
ment between the apprentice and the employer. For this reason 
the employer has relatively little ~ower with respect to union 
membership for apprentices. In some shops apprentices must 
apply for union membership when they sign their indentures. 
In others, they are not expected to join the union until they 
have completed their training. In such cases the employer 
usually furnishes the union with the names of all apprentices 
enrolled in the program. The most common practice, however, 
is that w~ich requires the apprentice to join the union after 
a certain number of months following employment. The aatual 
number of months varies between 3 and 6.-l~ 
-l~ 35, p., 18 
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GRADUATI ON 
It is customary t o hold an informal gradua tion 
cere mony each year ~or the graduating class o~ a pprentices. 
The actua l ceremon-y can take place in the p lant or at t he 
school but most companies prefe r to give a banquet at the 
local hotel or country club. It is also customary ~or the 
company to g ive the apprentice a bonus at this time. The 
exact amount is usually between 100 and 200 dollars, alth ough 
some companies pre~er to g ive the bonus in the ~orm o~ a 
complete set o~ tools. 
ALLOCATI ON AN D PLACEMENT OF GRADUATES 
In the s ma ll company the prob lem o~ placing a ppr e ntice 
gradu ates is one which can be hand led without too much di~~­
iculty. There are uaually a certain nimber o~ vacancies on 
the ~loor which can be ~illed immediately with the new me n 
and any sta~~ posit i ons such as p lanning and scheduling can 
be ~illed with the more promising me n ~nom the shop . In the 
large ~actory however, the problem is more di~ficult to han-
dle, especially i~ the ap prentice department is expected to 
furnish machinists ~or all of the manu~acturing departments. 
In such cases the allocation o~ apprentice graduates shou l d 
be dependent on two ~actors. They are, ~irst, the needs o~ 
the company, and second, the desires o~ the individual. 
Because the needs o~ the company in general are nothi ng 
more than a composite o~ the needs o~ the individual depar t-
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ments, it becomes necessary to classify departmental defici-
encies and assign soire sort of priority to them. This can 
be done by having each department manager submit a "request 
for personnel" to the Supervisor of the Apprentice Depart-
ment. By reviewing these requests it will then oe possible 
to obtain some idea of the assignments which will be avail-
able to the individuals upon graduation. 
Once a list of vacancies has been prepared, attention 
can be given to the second factor mentioned above, namely, 
the needs and desires of the individuals. This is the area 
which usually will cause the ~ost difficulty, especially in 
companies having only one level of training. Young men today 
are being taught and encouraged to plan their careers and to 
work in the areas in which they have the most interest. This, 
plus the glamour and prestige of white collar work is tending 
to draw many apprentice graduates away from the machine shop 
and into areas of greater opportunity, such as planning, and 
scheduling. I do not claim that this is wrong. I merely 
cite this tendency as an example of the main problem which 
arises in trying to place graduates. The solution to the 
pro b lem is to operate two or more different levels of training, 
one for machinists and the other for staff positions. Until 
this is done employers will continue to encounter difficulties 
in allocating apprentices to various departments. The only 
feasible way to handle the problem when there is only one 
level of training is to allow the highest ranking graduates 
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first choice of the available positions and to assign the 
remainder of the graduates to jobs as they are needed. 
WORKER ACCEPTANCE OF APPRENTICES 
Organized labor has recognized the need for appren-
tice training in the metal trades and has taken steps to 
improve training conditions.* In spite of this there is con-
siderable resentment of appre ntices at the. worker le vel in 
many instances. There are several reasons for this host i lity , 
not the least important of which is the change that has come 
about in the duties of apprentices. Not too many years a go 
the apprentice was little more than a helper to the journey-
man. He did most of the dirty and heavy work and learned 
his trade by watching the craftsman perform. As the cost of 
labor increased, management found that it could no longer 
afford to pay men to pick up after the journeymen. Further-
more, it was obvious that apprentice's training was being 
neglected. Thus working standards for the apprentice were 
raised. Many of the older journeymen resented this and even 
today this resentment shows up occasionally. A more common 
reason for hostility on the part of journeymen is based on 
their feeling t hat management is using apprentices as a means 
of getting skilled l abor help for a pprentice 1 s wages. F'or 
example, an apprentice receives approximately $1.60 an hour 
during his second year of training. During this period he 
~- 10, P• 2 
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often does actual jobs that are identical with those that' 
the journeyman is doing for $2.50 an hour. For the same 
reason journeymen often feel that apprentices are used to 
take overtime away from the regular workers. It is not hard 
to see how a worker might get this impression but it is rather 
difficult to prescribe a r emedy for the problem. Finally , 
apprentices who have been trained in a Central Training Room 
away from t he regular workers, and have been indoctrinated 
with management policies, often find it difficult to adjust 
to the "make work 11 attitude found in some shops. For example, 
an apprentice on his first shop assignment in a local factory 
was told by the worke rs, "Watch us kid, we'll show you how 
to make .overtime for the weekends .. 11 Maintaining the appren-
tice's motivation in such conditions becomes a difficult 
problem. 
78 . 
CHAPTER VII 
SHOP TRAINING 
I NTRODUCTION 
The following section is offered as a check list of 
t he subjects tha t should be included in an adequate appren-
tice training program whether for machine tool bui lders or 
metal worldng firms .If The actual program was de veloped by 
the National Machine Tool Builders Association afte r many 
years of training experience. The number of hours g iven in 
parentheses after each ma j or metalworking cate g ory is intended 
merely as a guide and may be varied to suit the needs of the 
individual company. For example, an aircraft company >;vould 
s:r::end more time on drilling and riveting than say, an aut o-
mob lle manufacturer. Similarly, the type of metal used by 
the industry would cause differences in time spe n t in train-
ing, e.g . , aluminum in the aircraft industry versus steel in 
the automobile indus try . I have not included any a ctua l 
tra ining procedures i n this section since I f eel tha t these 
are dependent on the instructors of the company. This sect-
ion is intended to serve as a checklist or guide in setting 
up an apprentice program in the shop. The processes are listed 
in a.lphabetical order and are not based on any s pec i a l order 
to be followed in the training process. 
# This list is based on recommendations of the NTD11IA and 
the NMTBA . Only standard types of machine tools are included. 
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BORI NG MAC HINES ( 500 HOU RS ) 
Vertical Boring Mill 
Types of work mac h ined. 
~ 'lethods of holding work; clamping to table, chucks, s pecial 
fixtures. 
Types of cutters: lathe tool t ype, boring bar, four-lipped 
drills, reamers. 
Methods of machining : surfaces paralle 1 to table, c y lindrical 
surfaces, holes and internal cylindrical surfaces, tapered 
or conical surfaces. 
Hori z ontal Boring Mill 
Types. of work machined. 
Spindle alignment. 
Me t hods of h olding work:· clamping to table, special fix tures , 
(fixed, indexing ) 
Methods of h olding tools:· collets or sleeves, chucks, float-
ing holders, h olding face mills. 
Types oi' cutters used: boring bar (methods of mount ing cut-
ters in bars), reamers, drills, multiple cutter heads for 
larg e holes, milling cutters. 
Methods of Machining : holes and internal c y lindrical sur-
faces, facing flanges and surfaces at right angles to holes. 
Jig Borer 
Types of work Machined. 
Main advantages. 
Methods of holding wor k: 
Methods of holding tools: 
location for duplication. 
adjust a ble boring bar holder. 
Types of cutters. 
Mach ining methods :· accurate spacing without laying work out, 
circular inde xing . 
DRILLI NG AND TA PPING (300 HOURS) 
Twist Drill 
Parts: point, body, shank. 
Desienated sizes. 
Grinding the twist drill: lip clearance, rake angle, web 
thinning, retaining temper, indications of dull drills. 
Drill s peeds and feeds. 
Materials for drills. 
FJa t drill. 
Oil hole drill. 
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Types of Drilling Machines. 
Vertical drillpress, sensitive dr ill, gan g drill. 
Radial drilling machines~ 
Vays of holding cutting tools. 
Taper shank in socket. Use of drill chucks. 
Me thods of Holding Work 
Drilljigs---universal and improvised; methods of clamping, 
t ypes of jig bush ings, piloted cutting tools, accessories, 
care of the drill. 
Use of v ise: Improvised production setups, ang le plates. 
Ch mping the work: use of raising block, angle p late and 
knee; t -y pes and uses of clamps; clamping precautions, lev-
elling the table. 
Dri lling the Hole 
Clearance after cutting hole. 
Care in starting the drill: starting from a lay out, drawing 
a drill spot to the center. 
Removing chips; removing drill from the hole. 
Drilling hard materials; use of turpentine. 
Dri lling large holes: use of lead holes. 
Drilling s mall dee p holes: sweating on s mall drills. 
Drilling of plastics. 
Cutting compounds. 
I mportance of rigidity. 
Reamers 
Purpose and p arts of reamer s . 
Holes "close" in certain materials. 
Use of p iloted reamers. 
Combination drill and reamer. 
Other drilling tools and operations: counterbore, butt mil l, 
and screw arbor, countersink. 
Taps and Tapping 
Hand taps, machine taps. 
Drilling for tapped holes. 
Carbon steel vs high-speed steel taps . 
Tapping by power; by hand. 
Use of tapp ing attachment. 
Reversing tap to break chips. 
Spotting and drilling for tap. 
Measurement of drilled holes. 
Tolerances. 
Use of plugs , fixtures, and improvised setups; checking align-
ment and size; rough and bell-mouthed holes. 
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GRINDING ( 700 HOURS) 
Construction 
Abras ives: emery and corundum; silicon carbides, aluminum oxides .. 
Bonds : vitrified, silicate, shellac, rubber and resinoid. 
Grain: size of abrasive or gr it. 
Grade: hard vs soft wheels, bond s trengths. 
Structure: controlled grain spac ing . 
Grinding wheel classifications 
Wheel selection on basis of (a) type of material to be ground, 
(b) amount of stock to be removed, (c) finish desired, (d) 
area of contact, and (e) type of grinding machine. 
Effect of wheel speeds on grinding. 
Cutting action of wheel: glazing vs loading; self sharpening 
of wheels---sizing power; c oarse vs fine-grained wheels. 
Mounting the wheel: precautions, fit on spindle and rim; test 
for cracks. 
Balancing the wheel: re asons for and methods . 
Truing and dressing wheels: tools used, diamond points---
their care, speeds, cuts and coolants, canting the tool. 
Cylindrical Grinding Practice 
Setting the work : true centers and clean and true center 
holes; holding work in chuck and on faceplate; truing up; 
setting t he wheel speed; setting the work speed. 
Setting the table feed: feeds for roughing---effect on wheel 
wear . 
Setting the depth of cut:· limitations, advantages of auto-
mat ic feed. 
Use of work rests: back (steady ) rest; r igid and spring rests; 
follower rests, center re s ts . 
Roughing and finishing cuts: checking for straightness after 
first cut. 
Use of coolants: function in grinding;' bowing of (heated 
slender work. 
Cylindrical Grinding 
Warming up grinder before cutting. 
Plunge cut grinding. 
Importance of time in production grinding: cutting time and 
uniform sizing ; judg ing cutting b y density of s parks. 
Causes of chatter scratches, diamond marks and traverse marks . 
Grinding to a shoulder: plunge-cutting next to shoulder; 
Plunge cutting de ameter and grinding shoulder at same time; 
wheel trued to two 45 degree ang les; rounding wheels to 
gr ind fillets. 
Grinding tapers and angles; swivel tables for slight taper s; 
wheel slide for abrupt tapers; swivelling headstock--work not 
on center s . 
Face grinding : use of saucer wheel, swiveling headstock 90 
degrees and grinding on periphery. 
Form grinding : plunge-cut grinding with formed wheel . 
Thread grinding (see Thread Cutting) 
Roll grinding : importance of finish. 
Gr i nding c ams and eccentrics. 
Internal Gr.inding 
Use of relat ively soft whee l s: applications for harder wheels; 
Use of coolant: dry on universal grinder; difficulty in 
gaging warm holes. 
Use of internal grinding fixtures: adjustment and constant 
lubrication. 
Grinding straight holes: h olding work ; truing up work; ex-
ternal spotting; use of cup wheels; bell-mouthed holes--
precaut ions: automatic internal grinders; automat ic de-
vices , planetary grinding. 
Grinding tapered holes: use of swive l holes and headstock; 
tes t ing holes for bearing and for runout. 
Centerless Grinding 
Function of workrest and regulating wheel . 
Inherent advantages and limitations. 
Methods of centerless grinding : through-feed method for 
straight pieces---regulating feed and work speed; in-feed 
method for parts with shou lder s; end-feed method for tapered 
work . 
Internal centerless grinding; application; working from 
previously ground outer surface. 
Cutter Grinding 
Economy of sharp cutters. 
Wheels for cutter sharpening. 
Gr inding lands of teeth: primary and secondary land clear-
a nces; grinding with periphery or face; methods for ob-
. taining proper clearance; "cutting to 11 vs "cutting from" 
edge with wheel; end mills hollowed on end; grinding 
. staggered-tooth cutters; grinding stee p helix angles ; 
rounding and beveling corners. 
Sharpening formed cutters : r a dial-face types and faces with 
a rake; precaution in retaining correct form; flat and 
bevelled sides of wheels--when used; lead-cutting attach-
me nt for hob groov,es. 
Precision grinding of lathe tools on machines: economies; 
grinding cemented-carbi de tools; uses of universal and 
tool gringing machine. 
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Surface Grinding 
Scope and features of surface grinding. 
Horizontal sp indle, vertical spindle and disk machines: 
rotary or reciprocating tables; methods of grinding for 
each t~pe of machine. 
Horizontal planer type machine: fixtures for intricate 
grinding: forming wheels for SPBcial operations; use of 
horizontal spindle machine with retary table. 
Vertical spindle machi nes: production of accurate, less 
polished surfaces; use of softer wheels; principle of 
rotary table operation--gaging devices; reciprocating 
tab le applications. 
Use of magnetic chuck: stops and fixtures, magnetic para-
le lls; master piece; demagnetizer. 
MILLING ( 800 HOURS ) 
The Milling Machine 
History; types of milling machines--Column and knee, bed, 
planer; parts of a milling machine; type of drives; 
feeding mechanisms; care of the milling machine. 
Setting Up 
Methods and cutters: plain vs face milling cutters; select-
ion of cutter speeds and feeds; selection of cutter and 
proper mounting; considerations of rigidity in setup; 
setting feed stop~. 
Methods for holding work: lining up vise, clamping work in 
vise--use of tissue paper, wire and holddowns; steps in 
machining a rectangular block; use of stops and clamps; 
use of V-jaws, form jaws and slotted jaws. 
Clamping to table: pronciples of clamping; aligning work 
with T-slots; use of parallels, raising plates and angle 
plates; supports to prevent springing; reclamping work 
before finishing; use of studs, stops, jacks and clamps. 
Use of fixtures: design and handling, methods of locating 
and clamping. 
Setting the cutter: allowing for backlash; centering to cut 
the keyway, straddle and gang milling; cutting dovetails--
cutting the tapered side; cutter speeds--factors to con-
sider; feeds. 
11 C limb 11· Milling : advantages-- importance of rigidity, ho 
backlash; not always used on cast iron--prying up scale. 
Use of coolants. 
Milling to limits.--production methods. 
Avoiding undercuts when finish milling . 
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Cutters 
Importance of proper selection--factors limiting cu ts. 
Types of cutters: p lain milling cutters--pur pose of spiral 
gash ; coarse-tooth milling cutter; helical mi lling cu tter; 
side milling cutters--stradd le mills, staggered-tooth cutters 
and inte r locking cutters; face milling cu tters; angular 
cutters; end mills--two-lipped end mill; formed cutters and 
profile cutters; saws--types and uses; T-slot cutter, 
keyseat cutters, fly cutters, etc; right hand and left-
hand cutters. 
Cutter materials: c a rbon steel and high speed steel; stellite 
and carbides. 
Numbe r of teeth in cutters--advantages of coarse tooth cutters. 
Methods of dr iving (fastening) cutters . 
Sharpening cu tters: primary and seconda r y clearance; dragg ing 
and chattering; gr inding formed cutters--precauti ons . 
Cutter failures--causes and remedies. 
Care of mi lling cutters: economy of sharp and true cutters. 
Attachments 
Vises, index cente~s, vertical and universal milling at tach -
ments, etc; care of attachments. 
Produc tion Milling 
Factor s to consider in selecting equipment. 
Cycles for automatic milling. 
Features of electrically-controlled machines: electrical vs 
me chanical reversing ; use of backlash eliminator. 
Gang milling; limi tations caused b J varied cut ter diameters . 
Planetary milling . 
Profiling mach ines: use of templets. 
Product ion estimating. 
Indexing and advanced milling. 
Universal spiral index head; p lain indexing ; differential 
indexing ; cutting spirals--computing change gears and t a ble 
off set; cam cutting--computing lead, change gears and 
ang les for spiral head and vertical attachment; graduating ; 
gear cutting. 
SHAPING AND PLANING (600 HOURS) 
Function of the planer. 
Mach ining flat surfaces with sing le- point tool;· f eature s of 
planing operation. 
Planer Construction. 
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Size of Planer 
Opens ide planer* 
Units of phner construction: bed--care and maintenance; 
p laten--protection against bruises; crossrail--testing 
for squateness; siderail; toolhe a d--swivel head, clapper 
box and apron; driving mechanisms-- 11bull-wheelu. drive; 
hydraulic drive; reversing mechanisms; planer speed, 
feeding me chanisms--ratchet and pawl mechanism, function 
of the rocker, adjustment of feed. 
Planer Work 
Methods of holding work: planer vise, planer centers; 
holding work on platen; magnetic chuck; fixtures for 
.. specific work. 
Clamping accessories: clamping blocks, shims, jacks, adjust-
able stops, fingers, planer strips, T-blocks, etc. 
Clamping principles: stops and supports to take thrust of 
cut; hold-downs for thin pieces; aligning strips and T-
plates; angle plates and knees. 
Levelling the work. 
Laying out the work. 
Measuring and gaging: testing of flatness--use of straight 
edge; rocks and hollow sounds; standard measuring instru-
ments; planer gages, templets, sine bars, etc; measuring 
dove tails--use of plugs. 
Planer cutting tools ; similarity to lathe tools; types of 
planer tools-- purpose of gooseneck, slot cutting tools--
use of tool lifter; setting the tool--rigidity , factors 
affecting cutting speed, feed and depth of cut; taking 
the cut--precautions; roughing cut--cut below scale on 
cast iron, edges beveled at end if cut; finishing cut--
for steel and for cast iron, use of wide square-nose tool; 
,. setting head, apron and swiveling head; planing surfaces 
square and paralle 1;: unde:ecut planing; form planing; 
planing tongues and grooves, slots, keyways, etc; siz.ing 
T-slot with radius tool; planing dovetails; gang or mult-
tiple p laning, fixtures and templets; use of two or more 
tools at one time. 
THE SHAPER 
Purpose of the Shaper 
Shaper construction: parts, size, crank-shaper driving mech-
anism--circular motion to reciprocating motion, bull-wheel, 
crankpin and rocker arm; lengt:g and position of stroke, 
speeds, quick return; hydraulic shaper, draw cut shaper; 
worktable--feeds and adjustment, universal table; shaper 
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feeds--feeding mechanism, cam-o1Jerated feed action, tool-
head. 
Shaper Work 
Holding the work; shaper vise--setting u p , clamp ing rec-
tangular piece to shape, clamping to worktable. 
Cutting in the Shaper--planing keyways, e x ternal and internal; 
cutting dovetails, knurling , etc. 
ENGINES AND TURRET ~TRES ( 1100 HOURS) 
ENGI NE IA TI-IES 
Clas s i f ication 
Types: eng ine lathes and bench lathes. 
Size (swing X leng th) 
Fundamental operations. 
Care 
Cle anliness and order, oiling, safety. 
Constr•u ction. 
Ma jor units of eng ine lathe and their functions: bed, head-
stock, carriage, feeding mechanism, tailstock, powe r u nit, 
l a the accessories. 
Bed 
Construction: imp ort ance of rigidity, ways or shears. 
Various designs: purp ose of V1 s inner ways for headstock 
and tailstock, outer ways f or carr iage. Steel added to 
c a st iron to improve wearing qualities. 
Care of the bed: levelling, cleaning and oiling ways daily 
to avoid gummy surface, kee p ing ways free from gri t and 
tools, use of tool rack. 
Headstock 
Parts of the headstock: s p indle and bearings, speed selection 
with cone pulleys and back gears , f unction of back gears 
and lockpin; care of headstock--importance of align ment 
and regular lubrication. 
Geared-head drive headstock: advantages of geared-he ad 
lathes--convenient speed ch anges; p owe:r• economy, redu ced 
accident hazards; advantages of helical-geared drives 
compared to spur gears. 
Carriage 
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Main parts: saddle and compound rest, tool post, crossfeed 
stop; apron--driven by feed rod or by lead screw, half-
nuts, feed rack and pinion. 
Care of the carriage . 
Feed Mechanism 
Construction: end ge ar train from spindle to gear box--
reverse gear plate, tumbler gears, quadrant; quick-change 
gear box--n.cone" of gears; lead screw and feed rod, splined 
head screw, stop rod and feed-reverse rod. 
Tailstock 
Construction: parts, longitudinal adjustment mechanism, 
importance of rigidity and alignment. 
A.cce ssorie s 
Lathe centers: live and dead (soft and hard) removing lathe 
centers. 
Driver plates (dog plates) 
Lathe dogs (work drivers) 
Taper sleeves: smaller centers in larger bores. 
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Lathe chucks: adapters; kinds of chucks--independent, universal, 
combination, automatic (compressed air or spring operated, 
collet chucks.) 
Face plates, drill chucks. 
Steady rest (center rest) for long slender work. 
Follower rest to prevent springing of work . 
Taper attachment. 
Thread chasing dial. 
Automatic carriage stop. 
Cathead for rough work supported with steady rest. 
Spider to support hollow work for turning outside surfaces. 
Ball turning rest. 
Carriage rest • 
. Centering. 
Center holes: size of center drill and of hole, i mportance of 
uniform bearing, cleanliness and oiling; methods of centering; 
layout and drill in lathe or in drill press, center drill 
in headstock spindle of lathe, laying out center holes with 
hermaphrodite caliper, center square, surface gage and 11 V11 -
blocks; in centering machine; in lathe use of chuck or back 
rest, center drill in tailstock s p indle; drilling the center 
hole--use of coolant for certain metals, causes of drill 
breakage, removing broken center drill; testing on bench 
centers--chalk to test runout, indicator for accurate check; 
imp ortance of correct bearing--tes t using prussian blue and 
newly ground lathe center. 
Testing Centers 
Runout: work not concentric when cuts mee t, testing with 
indicator, truing lathe centers --turning soft centers, 
annealing and turning hard centers; grinding hard centers--
protecting wa ys with cover, testing ang le. 
Alignment: methods of testing, rough methods- -aligning 
p oints on tailstock, matching centers; accurate methods--
turning on sample piece, no t aper, test bar and dial 
indicator. 
Cylindric a l Turning ( Rough) Between Centers 
Centering . 
Testing centers for runout and alignmentw 
Mount ing of lathe chucks, face plates and driver pla t es . 
Adjusting work between centers: Clean centers and center 
holes, clearance for lathe dog, adjustment of tailstock 
spindle, oiling dead center, lubricating oil and white lead . 
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Ad justing cutting tool--on center or slightly above , i mp ort-
ance of rigidity , setting tool to avoid 11 digging" in the wrurk . 
Select i ng speeds and feeds . 
Taking cut. 
Cu tting Tools 
Mater i als for cutting tools : carbon stee 1, high s peed stee 1, 
ste lli te,, carbides. 
Ang l es of cutting tools: angle of wedge' rake--front rake' 
(back rake), ne gative rake for intermitte n t cuts, side rake ; 
end clearance , side clearance • 
Types of Tools 
Grinding cuttin g tools~ c arbon steel and high speed s teel 
ground wet , stellite and carbides ground dry, forcin g the 
grind, use of ent i re face of wheel, select i on of grinding 
wheels , importance of proper tool res t and true whee 1 . 
Chip control: combination of back and side rake angles , 
grooving the cutter, curling grooves and "chipbreaking 11 , 
coolants and their function. 
Mandre ls and their uses . 
Types of man dre ls: solid mandrels, expanding mandrels- -
expansion ( split) bu shings , g ang mandrels, cone mandrels . 
Use of mandrels: examining center holes and surface of ma n -
drel, che ck i ng for runout, i mportance of oiling surface, 
cleaning center ho les and oiling dead center . 
Steady Rests and Follower Rests 
Steady rest (center rest): £alse jaws to prevent scouring; 
lubrication, aqjusting the rest, accurate methods or align-
ment . 
Follower rest (back rest): method or adjustment, adjust-
ment to prevent sp~inging . 
Chucks and Face Plates 
Mounting work: in chuck; on race p late--studs and counter-
weights, parallels and angle plates, wiggler (center 
tester), toolmakers buttons, paper to prevent slippage, 
use or dead center when clamp1n g . 
Truing the work--chalk and toolholder methods . 
Truing £inished work--indicator method, use of soft hammer 
and copper shims. 
Finish Turning Be t ween Centers 
Checking centers and center holes: Recentering to enlars e 
or correct center h oles . 
Finish turning: importance of honing cutting edge. 
Fac ing 
Facing ends and shoulders. 
Facing ends between centers: selection of tools, split 
(relieved) center for finish facing, reed down £or rough 
facing, feed out ror finish facing. 
Facing shoulders: multiple tool set-ups . 
Use of wire gage. 
Facing work in chuck. 
Cham£ering and filleting--radius tool and radius gage . 
Taper Turning 
Offset tailstock method: computing and measuring o££set, 
importance of having tool on center, testing the taper, 
£inishing taper, crowning or pulleys. 
Using taper attachment: advantages over offset method, 
computing taper per root, setting the taper attachment--
using standard plug between centers and dial indicator, 
importance of taking up backlash before cutting; testing 
taper; micrometer method, g ate method--taper ring gage, 
use of protractor; using compound rest, setting compound 
rest, measuring angle or taper with vernier protractor; 
setting rorm tools to master plugs, imp ortance of rig idity , 
uni£orm feed, minimum backlash and constant lubrication, 
tightening the slide. 
Spotting For Steady Rest Support 
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Light finishing cut to obtain roundness, checking roundness 
with micrometer. 
Knur ling 
Methods for adjusting tool, use of paper. 
Importance of clean tool and copious lubrication. 
Keeping knurl on work until cu t is finished. 
Lathe Fi l ing 
Filing left-hande d to clear dog or chuck. 
Chalking and oiling file to prevent pinning . 
Watch i ng centers f or burning. 
Keeping safe edge ne x t to shoulder of work. 
Polishing in Lathe 
Use of oil, protecting ways f rom grit. 
Loose centers to accommodate e x pansion of work. 
Hazards--abrasives winding around work, injured fingers, etc. 
Miscellaneous Operations 
Eccentric (crankshaft) turning: methods of centering--
layout and dr i ll in drill press or lathe, drilling i n 
milling machine , toolmakers buttons, crankpin fix tures, 
test indicator; meaning of "throw",methods of holding work--
between centers, dog tied to prevent swing i ng from center, 
on face plate and in chuck. 
Spherical turning : Cutting concace surface with radius tool, 
cutting spherical surface with radius bar clamped to lathe 
bed, use of ball turning rest. 
F orming irre gular shapes: t ype s of form tools , gr i nding and 
mounting form tools, checking with templet, cutting grooves 
and T-slots--grinding and setting tools, trepanning 
operation, chucking . 
Drilling in La the 
Placing job in chuck or on centers, using steady rest; use of 
holdback clamp and belt lace. 
Placing drill in tailstock. 
Lathe tools for centering. 
Drill holes--for cored holes, 11 boresp ot 11 with boring tool to 
start drill central; use of flat drill, deep hole dril l ing--
work rotated at high s peed using fine feed, use of gu n -
barre 1 drills • 
Boring i n Lathe 
Mounting work same as for drilling--tool on or slightly 
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above center, importance of rig idity of boring tool--
using largest possible tool, clamp tool as short as possible, 
avoiding nbell-mouthing 11 , keeping chips clear; testing 
with plug or with micrometer and inside caliper. 
Taper boring: taper attachments , compound rests, testing 
taper with plug gage or protractor, importance of having 
tool on center when cutting. 
Chambering and back facing--undercutting, marking tool for 
length of cut, use of micrometer dial and carriag e stop. 
Reaming 
Importance of keeping reamer a gainst tail center. 
I mportance kf lubrication and chip removal. 
Straight reaming by power: slow feed, floating holder. 
Taper reaming by hand or by slow speed: use of tap wrench, 
skeleton reamer. 
Spotting outside true with taper hole: taper test bar and 
steady rest, picking u p center true with spot, chamfering 
holes for turning. 
Tapping in Lathe 
Thread selection to prevent stripping. 
Hand tapping for blind holes. 
I'!lachine tapping. 
Cutting off stock. 
Importance of: rigidity, minimum backlash, constant l u b-
rication and uniform feed t o prevent chatter and g oug ing. 
Side clearance to prevent bindin g. 
Thread cutting in Lathe 
Cutting external V-threads: gearing lathe; grinding tool 
and mounting in on center, use of center g a ge, eng aging 
lead screw, thread chasing stop, thread chasing dial for 
closing split nut, constant lubrication and optimum feed 
to prevent goug ing and glazing, allowing for backlash, 
use of compound rest, resetting the tool upon break age, 
measuring threads with g a ge--thread micrometer, wires etc. 
Cutting external square threads:· using angle of helix to de-
termine side cle a rances of cutting tool, roughing thread 
with narrow tool, finishing thread to size--importance of 
using flat-topped tool and keeping top in line with axis, 
use of side face tools for course pitches, burring thread 
before measuring . 
Cutting multiple acme threads: acme threads as square thre ads 
left-hand threads--use of tumbler gears , indexing for mult -
iple threads, grinding the tools--use of acme threads, 
grinding the tools--use of acme thread gage, and i mprovised 
template for side clearance. 
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Roughing threads with square nose tool. 
Cutting acme threads t o gage~ 
Setting the tool--use of thread tool gages. 
Cutting on one side at a time to avoid g ouging- - use of 
compound rest. 
Cutting on both sides--finishing, use of s pring ( g oose neck) 
tool . 
Internal thread cutting; boring hole to root diameter plus 
clearance, grinding the tool--error in thread angle corr-
ected with finishing tap ; marking length of cut on tool, 
allowing for spring of tool, use of micrometer dials and 
thread chasing stop, keeping hole free of chips , resetting 
t he tool, finishing thread with a tap--use of tailstock 
center for alignment, cleaning threads and measuring . 
TURRET LATHE---TURNING 
Classifications 
Horizontal: ram type--all-geared head, electric, plain and 
universal; saddle type--fixed center, cross sliding , 
compound; bar and chucking machines. 
Basic Ma chine E lements 
He adstock sequence of development: ( 1) sing le pulley, ( 2) 
step pulley, (3) back gears, (4) all-geared head. 
All-geared head: six-speed heads--three Je vers--forward and 
reverse, triple gear, hi-lo clutch; twelve-speed heads--
four levers, forward and reverse; left-hand double ge ar, 
right-hand double gear, triple gear . 
Pre-se lector. 
Clutches : cone friction, pullmore, twin disc. 
Bearings . 
Cross slide sequence of development: (1) plain, (2) p lain 
with hand longitudinal ad justment, (3) universal; types of 
cross slide --side hung t y pe, r e chover type, feed trips and 
stops--power cross f eed, long itudi nal feed; square turret--
fixed on side hung slide s; cutters mounted by means of 
rockers (solid type square turret--ram and saddle machine) , 
and shims (open type_ turret--saddle machines .) 
Hexagon turret: ram type (fixed saddl e-- s liding ram), saddle 
type (sliding saddle). 
Feed train: parts--head end gear box, changing gears feed 
shaft, carri age apron, saddle apron. 
Rapid traverse to move heavy hex turret and saddle by power. 
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TURNING---TURRET LATHE TOOLING 
Speeds and Feeds 
Surface feeds and speeds--variance with each job. 
Ultimate selection by: color of chip, feel of machine . 
Factors influencing cho1ce of speeds and feeds: work piece--
mate rial, type of chips produced, abrasiveness, frail or 
h eavy design; coolant; cutters---type and cutting angles; 
rigidity of tooling setup, quality of finish, Quantity in 
lot, cutters, drills, taps, form cutters, cutoff cutters, 
counterbores. 
Grinding and Setting Cutters 
Materials used for cutters: carbon steel, high-speed steel, 
stellite, carbides. 
Size of cutters. 
Cutter grinding: clearance angles--back rake, side rake, 
front clearance, side clearance; large wedge ang le s, 
small wedge angles . 
Chip control: combinati on of back and side rake angles, 
curling gr ooves. 
Advantages of using coolant . 
Machining Operations 
Turning; bar turners, roller turners for continuous chip 
materials, "v~ back turners for short chip materials: 
tilting cutter in roller bar turner for greater rigidity, 
longer cutting life; setting. 
Steady rest r olls--behind cutter for accurate burnished finish, 
ahead of cutter on another d iame ter to establish eccen-
tr icity; setup sequence for roller turner. 
Factors determining quality of finish. 
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Drilling : how drill is started, material drilled, feed and 
speed used , grinding of drill, coolant, condition of machine, 
drill and holding so cket; types of drills--two lip twist 
drills, core drills, combination and dual-cut dri lls, straight 
flute drills, special drills; drill grinding . 
Boring: forged cutters, tool bits; stub and piloted boring 
bars; taking boring cuts from hex turret. 
Ad justing boring cutters three ways; (1) with adjustable 
holder, (2) with slide tool, and (3) with screw arrangement. 
Reaming: proper preparation of the bored hole prior to 
reaming, reamer alignment, reamer ground to suit material, 
proper st.art for reamer, reamer lubricant or coolant: 
t ypes of reamers--rose chucking reamer, solid finishing 
reamer, multiple -blade reamer, block t ,ype reamer. 
Forming: three types of form cutters--forged cutters, dove-
tail cutters, circu lar cutters. 
Threading: types of taps and dies--solid, solid adjustable; 
collapsing taps, self-opening die heads (pull-off trip, 
outside trip, inside trip). 
FITTI NG ASSEMBLING, AND ERECTING 
BENCHWORK 
( 1000 HOURS ) 
Use of common hand tools:: stee 1 hammers, soft hammers, scre w 
drivers, wrenches, hacksaws. 
Laying out work: tools, scribing lines, mark ing solutions, 
laying out, c ompensating for pre vious errors. 
Chipping 
Cold chisels and their uses, grinding the chisel, hints on 
chipping, controlling the cut, hazards in chipping, chippi~g 
with pneumatic hammer. 
Files and l' 'iling 
Kinds of files--single and double-cut files, coarseness. 
Shapes of F iles--flat, mill, round, three-square, barette 
and others; safe edge--its purpose; convexity of files. 
Care of files • 
Holding the file. 
Filing operation--chipping off cast-iron scale before filling, 
crossing the stroke, i mportance of proper height of work, 
drawfiling, graining the work, filing soft metals .. 
Power driven rotary files .. 
Re c iprocating filing machines. 
Key Fitting 
Preparing mating members be fore fitting key. 
Threading attachments: leader and follower attachment--applic-
ations, limitations, use where a limited range o.f short 
length threads are to be cut single point, or where tap s 
and dies are to be led on for lead accuracy; furnished for 
saddle type carriage and saddle §:pron and for ram type 
c~riage apron only . 
I.e ad screw attachment (saddle type): components--he ad-e nd 
gear box, selective gear box, i ndependent lead scre w, motor-
driven quick traverse, half-nut boxes, control lever. 
Taper turning--three rr.ethods of producing tapers on turret 
lathes: (1) with forming cutters, (2) with roller rest taper 
turners, (3) with taper attachments--when to use each. 
Direction of feed for accurate taper cut--direction of cutter 
back pressure, movement of cross slide required to produce 
taper. 
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Maintain .ing and duplicating accurate sizes: using the taper 
attachment in connection with other tools in a setup. 
Work Holding Devices 
Collet chuck (parallel closing type): adjustment, application 
in first operation work and in second operation work. 
Spring type collets--pushout collet; drawback collet. 
Stationary collet8 
Arbors: expanding plug type, threaded type, expanding bush-
ing type . 
Hand operated chucks:· universal type, combination type. 
Power-operated chucks: wrenchless type, combination type, 
power type vvrench type, air and hydraulic type. 
Chuck jaws mounted three ways: (1) tongue and groove, (2) 
slip jaw, (3) step-along--first operation jaws, second 
operation jaws, chuck jaws for long work, chuck jaws for 
frail wor•k. 
Special fixtures and steady rests: face plate fixture s, pot 
fixtures, angle fixtures, indexing fixtures--rotating, 
swinging, or combination type s ; steady rests--self-center-
ing, closed ring, open types. 
Tooling f,rinciples 
Balancing se tup time, work handling time, machine handling 
time,and actual cutting time. 
Keeping work handling and chucking costs down. 
Reducing cutting tiroo. 
Fitting straight keys to shafts: filing ke y in keyblock, 
driving key in position, fitting other member, compen-
sating for misalignment of ke·yways. 
Fitting straight key in hole, use of keyseater. 
Fitting woodruff key: priventing swelling of shaft. 
Types of keys and tolerances. 
Spline fitting , fitting to gage, t ypes of splines. 
Hand Tapping 
Tapping normal to surface when starting--tests. 
Tapping ~lind holes. 
Spotting, tap-drilling and tapping. 
Removing broken tap. 
Sharp taps and proper wrenches: use of tap extensions. 
lubrication and tapp ing . 
Tapping tapered pipe threads. 
Die-cutting e x ternal threads. 
Dowe 1 Fitting 
Fitting straight dowels: measuring diameter, methods of 
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fitting, use of oil. 
F itting tapered dowels, use of hand reamer. 
Drilling straight dowel holes in line: reaming to correct 
alignment, care in using portable drill., levelling. 
Drilling and r e aming tapered dowel holes. 
Polishing with Emery Cloth 
Order of a pp l ying emery cloth, grating, lard oile 
Polishing in lathe: methods of holding emery cloth, hazards. 
Straightening 
Straightening press and bench centers. 
Arbor press. 
Straightening slender bars between lathe centers. 
Straightening on anvil. 
Peening and Riveting 
Peening metal, stretching by hammering. 
Riveting: use of rivet sets, · hot or cold riveting; blush 
riveting. 
FITTING , ASSEi'iiBLING, ANTI EREC TING 
Assembly 
Assembling Screws 
Driving bushings in p osition: che ck ing size s, lubricating. 
Testing hole after assembly--reaming or scraping hole to size, 
care in fitting hardened bushings •. 
Imp ortance of proper clearances: standard or basic hole 
practice, class ification of fits, checking holes and shafts 
before fitting , interchange able parts, selective asse mbly, 
squaring in bushings . 
Assembling Ball and Rol ler Be arings 
Seat ing of races: checking with test indicator, check ing dia-
meters for size and roundness, testing alignment of races. 
Assembling the bearing : bearing not washed before asse mbly--
reasons, keep ing bearing fre e from grit, driving bearing in 
position .. 
Mount ing ball bearings: for radial loa~ without thrust , for 
combined radial and th~ust loads . 
Roller bearings: anti-friction, plain, tapered; mounting 
tapered ro l ler bearings--direct and i ndirect methods, tak ing 
up plays; assembli ng tapered r oller bearings--pressing 
9? . 
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. cups in position, testing seating , adjusting for free running . 
Lubrication of bearings: consideration of operating conditions, 
purposes of lubrication, li~ht vs heavy-body oils, causes 
for overheated bearing s. 
Pl a in bearing s--journal and housing: importance of journal 
finish and uniform clearance, purpose of oil grooves, of 
oil rings; flat thrust bearings. 
Clutches and Coupling s 
Types of clutch es: positive clutches--right hand and left 
hand; friction clutches, cone and disc clutches. 
Asse mbling clutches: importance of true bearing surface, 
firm mounting s. 
Coup l'ing s: univ e rsal joints, knuckle joints, flange and 
clamp coupling s. 
Friction brakes--band and disk styles. 
Cams 
CJa sse s of cam motion, types of cams--use of rolls or studs, 
positioning of cams-~computations. 
Assembling Gears 
Center Distance and back lash. 
Proper alignment of shafts--effect on wear. 
Setting bevel gears: pitch-cone apex, tapering teeth , 
obtaining prope~tooth contact~ fitting bevel gears. 
Worm gearing: worm central with gear--testing . 
Miscellaneous Asse mbly Operations 
Assembling pulleys: checking alignment and runout, balancing . 
Asse l!lbling lead screws: fits and alignment, care in hand ling , 
removing burrs and running in. 
Asse mbling units on ways: preparing ways for asse mb ly, 
aligning units and fitting g ibs. 
Use of ropes, hitches and chain slings. 
Use of p ortable drills. 
Making parts oil tight. 
Lubrication systems: s p lash, pressure, gravity, flood tuse 
of reservoirs); provisions for maintaining clean lubricant. 
Belting--methods of connecting , adjusting tension, V-belt 
drives. 
Pipe asse mbly-joints and ~eals. 
Use of sheet rretal. 
Soldering, brazing, and babbitting. 
Forg ing , l a p p ing , patching chipped and porous castihg s; 
painting--surface finishing , blackening and jappanning. 
Hydrau l i c f.;Ie chani s ms: driving and feeding mecha n i s m; valves 
to re gulate speed and direction; operation of valves, use 
of p iston and cylinder. 
App lication of Hydraulic Power 
Pumps:- gear, vane and plunger. types .. 
Rotary Hydraulic Motor 
Assembling hydraulic units:· testing for l e aks; t esting 
operation of valves, pistons, etc. 
Fundamental Assembly Work 
Cleaning parts before fitting, kee p ing parts clean during 
assembly, re moving burrs and blemishes. 
Kee ping tools in first rate condition--using proper t ools, 
mechanical judgement . 
Proper fit to suit application. 
Fitted parts and standard parts--class ification of fits. 
Little or no fitting desirable--reasons for some fitting . 
Correctly machined parts. 
Ins pection of Machines. 
Levelling up for inspection. 
Use: of t est bars : sweep test., alignments, runouts, etc .. 
Test ing alignment of flat bearing surfaces : allowing for 
sag under workable loads. 
Purpose of running off: performance tests, adjustments 
preceding operation. 
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Testing operation: vibration reduction, speed and feed changes , 
a ccuracy of timing, safety of operation, spindle operation, 
vital bearing parts, lubrication and coolant supply . 
Visual inspection: surface f inishes, blemishes, corrosion 
and painting. 
CHA PTER VIII 
CIASSROOM INSTRUCTION 
Although the main portion of apprentice training 
takes place in the shop, there is an equally important por-
tion whi ch takes place in the classroom, and is usually 
discussed under the title of Related Instruction . This is 
the so-called theoretical instruction which does so much to 
supp le ment the pract ical vvork performed in the shop . During 
interviews with older journeymen on the subject of deficiencies 
in their training experience, nearly all stressed the import-
ance of competent school instruction to accompany their shop 
training. Today the importance of related instruction is 
more obvious than ever. New materials, new cutting tools, 
closer tolerances on finished products, and more complicated 
blueprints, all require more than mere pract1cal e xperience. 
They require knowledge and mental ability as well, assets 
which can be g ained most easily in the classroom. 
HOW MUCH CLASSROOM TRAINING? 
Since the Federal Committee on Apprenticesh ip was 
\ 
set up in 1934, they have recommended a minimum of 144 hours 
per year of related instruction for the duration of the 
apprentice qontract. Similarly, State Apprentice shi p Comm-
ittees accross the country have a)l recommended the s ame 
number of h ours.# This figure breaks down to four hours 
# Except Wisconsin whose law requires a minimum of 400 hours 
over the 4 year period . 
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per week for 36 weeks a year wh ich is hardly enough time to 
cover ali the necess a ry courses. During the pas t fe w years 
there has been a tendency for more time to be spent in the 
classroom with a great many companies requiring eight h our s 
weekly, and a few requiring fr.om 12 to 16 hours per week.->l-
As production requirements become more complex it seems likely 
that the length of time spent in the classroom will increase 
eve n more . 
WHO WILL PR OVIDE RElATED I NSTRUCTION ? 
The most log ical answer to the ques~ion of "wh o will 
provide related instruction?" seems at f irst thought to be 
t h e company since they are the ones to benefit ~rom it. In 
reality, however, there are several difficulties to be solved 
before establishing s uch an arrangement. In the first place, 
teaching is a job for educators, men whose f ull-time pro-
fession is teaching others , and not employees who have been 
assigned a two hour course each week as an additional duty. 
Furthermore, in order to insure continu ous teaching it is 
often desirable to place the function outside of company 
financial jurisdiction where the quality and continuity of 
instruction is not likely to fluctuate with the busines s cy cle. 
Final l y, regardless of whether the union, the e mp loyer, or a 
trade association finances and provides the instruction for 
the program, there is bound to be partiality or bias s h own . 
-ll- 1, p . 110 
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Who then should bear the responsibility for this function? 
The answer depends mainly on the facilities and personnel 
available. Public Vocational Schools which are equipped and 
designed to perform such tasks are often an ideal solution 
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to the problem, provided that t h ey are able to conduct a pro-
g ram beyond the high school level. Through their ai'filiations 
with the Vocational Education Division of the United States 
De p artment of Education, they are kept up to date with the 
l ates t practices and techinques in this field throughout the 
country. Furthermor e , through Congres s ional le g islation, local-
ities may r e ce ive Federal reimburs e ment for a po:otion of the 
money s pent on such programs ,#· ., This.: factor suggests :- a poss-
ible disadvald.tage .of .'. such a · program • . Bec.ause Federal money 
is spent on the programs, they a r e then subject to Federal 
control. Actual experience has shown this threat to be un-
realized. Th e conditions to be met in order to qualify i'or 
Federal aid are very lenient and are designed only to prevent 
e xp loitation. Such a plan not o:p.ly permits companies who 
otherwise could not afford such facilities to participate, 
but it also permits companies wh ich are too small for an org-
anized school of related instruction of their own, to ben-
_ef'it from the Public program. For example, in a community 
of small companies where each company has only a few pros-
pective candidates, it would be impractical for each to try 
# See Appendix I 
to conduct a complete program with such a small group. By 
consolidating the groups under the Vocational School System 
however, it would be pos sible to form a class of 15 or 20 
which is nearly the ideal size. 
In many communities, vocational schools are eith e r 
not available or t h ey are unable to conduct a curriculum 
beyond the high schoo l level. In such cases it is often 
advisable for t h e company to conduct the course with its 
own personnel and f a cilities. An arrangement such as this 
offers the advantages of closer control of subject matter 
and greater attention to individual problems . However, the 
added cost of such a pr ogram is often prohibitive. 
CONTENT OF RElA TED I NSTRUCTION 
The principle behind the selection of courses for 
a~elated instruction curriculum has been that such courses 
should be confined to sub jects which could not be properly 
taught .on the job. Thus a typical program might include such 
subjects as blueprint reading, mechanical drawing , trade 
rna the matics, eng ineering English, trade science, and Histor y 
of the occupation .-l:- In recent years the increased ·e mphasis 
placed on related instruction courses and the advances made 
in shop techniques and mater ials has required more adv a nce d 
courses to be taught in addition to the fundamentals liste d 
above. Courses such as physics, metal l urg y,' kinematics, a n d 
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strength of materials, which were originally g iven consid-
eration only in eng ineering school, are now part of the mach-
inist's training. Furthermore, many comp anies have g one be-
yond the principle of "related" instruction and now .feel that 
apprentices should be able to read 11black 11 pr int as well as 
blue print. Courses such as Economics, Government, History , 
and Industrial Relations , are now becoming more common as 
em layers realize that something more than technical ability 
is needed to develop leadership and character in a man. The 
Curriculum on page 106 is a hypothetical one based on the 
actual training schedules of some of the more advanced comp-
anies in the field of apprentice training . It is intended to 
indicate a we ll roun¢ied four year program of classroom instr-
u ction. 
SlVIA.LL COl\UilUNITIES 
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A difficult problem which faces companies located in 
small communities is that of obtaining facilities and personne l 
with which to operate a program of relate d instruction. Voca-
tional schools a re seldom, if ever, found in these communities 
and the local school S]s te ms are not geared to g o be y ond their 
high school curriculum. In such cases, the problem of class-
room training becomes a very real one. The only solut ions to 
the pr oble m are expensive and inadequate but must be used if 
necessary . One solution is to c onduct supervised corre spondence 
courses in the factory, the other is to obtain the ser\llices 15f 
itinerant teachers who will conduct classes at y our plant. 
Neither of these suggestions i s intended to serve as an 
alternate p lan of training. They are me rely substitutes and 
should be considered as nothine mor e than that . 
105. 
CURRICULUM 
REL~TED I NSTRUCTION SCHOOL 
FIRST YEAR 
FIRST SEMESTER 
Al gebra 
Blue pr int Reading 
Shop Theory 
SECOND SEivlEST"R 
Geome try 
Al ge bra 
Shop Theopy 
Mechanical Drawing 
SECOND YEAR 
First Semester 
Physics 
TPigonometry 
Applied Mathematics 
Se cond Semes ter 
Electrical Physics 
Mechanical Drawing 
Economics 
THIRD YEAR 
F irst Semester 
Mechanics 
Advanced Physics 
Government 
Second Seme ster 
Kinematics 
Strength of Materials 
Metallurgy 
Industrial Relations 
FOURTH YEAR 
F irst Semester 
Tool a nd Die Design 
Production Control 
Second Semester 
Tool and Die Design 
Report Writing 
Quality Control 
60 Hours 
30 Hours 
30 Hours 
30 Hours 
30 Hours 
30 Hours 
30 Houps 
60 Hours 
30 Hours 
3 0 Hours 
30 Hour s 
60 Hours 
30 Hours 
60 Hours 
30 Hours 
30 Hours 
30 Hours 
30 Hours 
3 0 HouPs 
3 0 Hours 
60 H OUr'S 
60 Hours 
60 Hours 
30 Hours 
30 Hours 
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120 Hours 
120 Hours 
120 Hours 
120 Hours 
120 Hours 
120 Hour s 
120 Hours 
120 Hours 
CHAPrER I X 
SUMlVlARY AND CONCLUSIONS 
DIF'FICULTIES AND PRO POSALS 
During the past 50 years apprentice training has 
ma tured to a state where it can hardly be considered "appren-
ti ce tra ining" any more, especially with respect to the more 
advanced courses . Today many apprentices attend college at 
night while the y train in the s hop during the day . At the 
end of six years su ch an apprentice can have both an eng ineer-
ing de gree and a certificate as an a ll- around machinist . 
Naturally, these me n will not expect to return to the "benchu 
with an eng ineering degree but their e xperience in t he s hop 
is pr ice l e ss in combi nation wi th higher educ at ion . A program 
such as thi s could hard l y be considered apprenticesh i p in the 
traditi onal meaning of the word. A better t i tle would be 
"Production Training" or "Manuf acturing Training 1t . 'rhe change 
that has come about in the higher level programs is also ev i -
dent in interraediate leve 1 programs where the trainees exper-
ience the same shop course but do not attend colle ge. Here 
they attend e ither advanced Technical School such as Lowell 
Institute in Boston, or advanced Vocational Schools. At the 
end of the training per i od, very fe w of these men continue 
work ing as machinists for very long , but are moved up to p lan-
ning jobs where their technical knowledge and manipulative 
skill can be used to the best advantage. It is only at the 
lowest le vel of training that t he trainee can truly be called 
an " appr entice n a nd t hen only in the modern use of the term. 
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In spite of the rapid and tremendous advances that 
h ave been made in training all levels of apprentices, I feel 
that distinct improvements could and should be made, espec-
ially in the higher leve 1 programs. Many employers s pend large 
amounts of money for technical training for their apprentices, 
knowing that 95% of these me n will never work at a machine 
again after their graduation. Nevertheless, they insist on 
g iving them the full four year machinist course. Possessing 
a thorough knowledge of machinery, sh op theory and practice 
is imp ortant to any man who vd ll be pursuing a career- as a 
production specialist. There is certainly no better way to 
learn how to handle blueprints, outline production processes, 
and design new products. However , the important p oint here 
is, how much practical experience working on machines does a 
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man need to be well trained in the fundamentals mentioned ab ove? 
I think it is fairly obvious that he does not need the ability 
of a licensed toolmaker or diemaker. He does not have to have 
a level of skill that makes him a master of a trade at which 
he will never work. ~mat he needs is a familiarity and under-
standing of the processes involved in production. Well _. then, 
how long does it take to acquire this familiarity, this under-
standing ? Naturally, abilities vary with individuals . With 
sele ctive screening , however, it is possib le to determine min-
imum aptitudes necessary for the le arning of specific jobs, 
and so it should be in selecting candidates for advanced appren-
tice training programs. This then will standardize the abil-
ity of the trainees. Getting back to the subject of how much 
training is necessary in the shop, we should consider the 
practice followed in many shops of taking men out of the train-
ing room and puttin g them in production jobs after approx-
imately 18 months of training . From t hen on these men develop 
the abilities learned in the Training Room through practical 
experience. I think it safe to say then, that by the end of 
t wo year s of shop work, the appr ent ice should be familiar 
eniugh with machines to possess a thorough understanding of 
them. Thus by spending two years in shop training and at the 
same time attending college 3 nights a week, the trainee 
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would be able to complete his colle ge work within 5 years rather 
than the six required b y all advanced courses now. He could 
maintain his skill with machinery by working 3 months a year 
during the summers while, at the same time, putting his know-
ledge g ained in school to practical use. Such developme nts 
will have to come about before too long, especially with the 
gr owing need_ for engineers. Management must recognize these 
needs and bring their programs up to date as soon as possible. 
SO NiE ADDITIONAL USES OF THE CENTRAL TRAINING ROOM 
Companies which make use of a Central Training Room 
will find that it is valuable for several different t ypes o.f 
training programs in additi on to the apprentice program. One 
of the more important of these is toolmaker training . When 
the apprentice completes his 4 year course h e is g i ven a cert-
ificate making him an "·all-around" machinist. In order to 
qualify as a toolmaker he must take a 1000 hour (6 month) 
course. If' he wishes to receive a diemakers rating he must 
take an additional 1000 hours after which time his rating is 
11 Machinist, Toolmaker, Die Maker". The apprentice training 
room is an ideal place f'or receiving this advanced t raining . 
A typical toolmaker course requires a g ood deal of' 
actual s h op work on production jobs. There are several areas 
in which the apprentice usually concentrates though. These 
include the following: 
l. A study of toolmak ing tools and their uses. 
2. Methods and aids f'or locating and boring of' holes. 
3. Methods and aids for locating the work. 
4. Weldi ng jig s and fixtures and their uses. 
5. How to make small tools such as drills, reamers, 
counterbores, countersinks, milling cutters, f'lat and circular 
forming tools, broaches, tap s, and dies. 
6. Punch and die work . 
7. Gages and gage work . 
8 . Lapp ing opera tions . 
9. Precision measuring devices and their use. 
10. Stee 1 and stee 1 alloys.~<-
Because of' the need for close supervision during thi s 
stage of' training it is often desirable to assign the a ppren-
tice to an exper ienced toolmaker who can advise and wa tch the 
j * 14, p. 148 
110. 
apprentice much more closely than an instructor with a large 
group of trainees could. In t h is manner the a pprentice may 
also profit from the personal experience of his toolmaker 
and learn "tricks of the trade" which would not be found in 
a n ordinary training schedule. 
MANUFACTURING TRAINING PROGRAMS 
Many of the larger companies such as General Electric, 
Pratt & Whitney, and General Motors find the Central Training 
Room an ideal place in which to familiarize future production 
men with shop routines and ope rating procedures. A g ood many 
of t hese men are college graduates enrolled in training pro-
grams with the company. Generally speaking, they have little 
or no previous e x perience with machine operation and so the 
job of conducting an adequate program is extremely difficult. 
One of the more successful programs of this type is conducted 
by the General Electric Company at their Erie, penns y lvania 
plant where Manufacturing Training Program Trainees are g iven 
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a twelve week course in basic machine shop practices. At Erie, 
in order to cover as much material as possible, a strict schedule 
is set up. Trainees then perform the listed operations either 
on regular runs of work 'or on special projects. They are also 
given the job of designing and building s pecial tools and 
fi x tures for use in the . plant. Each trainee is g iven a copy 
of the training schedule and as he completes each ite m, h e 
checks it off. In addition to teaching skills this program 
also makes provisions for the teaching or additional infor-
mation concerning machine shop technolog y as the Trainee 
works on any particular machine. This phase of the training 
is supplemented oy instruction in special classes on shop 
theory . At t h e end of the 12 week program the Trainee is 
placed in the shop office where a brief course on t he planning 
of jobs g ives them further a ppreciation of h ow a machine shop 
opera t es . 
Vfuen a trainee starts his assignment in the Training 
Room , he i s f urnished with a set of tools which he returns at 
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the end of the program. This list includes the following tools: 
Hammer 
Screw Driver 
1011 Wrench 
Cente r Punch 
Scriber 
Soft Hammer 
6 11· Dividers 
Set of 11 Allen Wrenches 
Combination Set 
Surface Gage 
8 11 File 
Oil Brush 
Dri·ft 
6n, Scale 
The Trainee is then given a t h orough orientati on and 
assigned to an instructor in charge of the particular machine 
tools involved, where he completes a specific phase of his 
assignment . 
Although schedules for a brief basic Machine Shop 
Training Program vary with the number of trainees involved and 
t he avai lability of facilities in the Training Room, t he 
following schedule covers the basic requirements of such a 
course. 
SCHEDULE 
BASIC IVIACHINE OPERATIONS 
1. Saw and Stock Room---16 Hours 
Construction and operation of power saws, band saws, 
Grit blast and tumbler, Also an explanation of basic tools 
and the color code for identifying the different kinds of 
raw materials. 
2. Drill Press - - - 40 Hours 
Construction and operation of the sensitive and radial 
drill press, sing le and multiple spindle types. Use of 
drills, counterbores, countersinks, taps, tapping head and 
wizard chucks. Explanation of feeds and speeds and how to 
determine them. Layout work and the use of drill jig s are 
also included in this section. 
3. Shapers - - - 40 Hours 
Construction and operation of hydraulic and mech-
anical type shapers with advantages and disadvantages of each 
t ype. Principles of cutting tools, effect of rakes, clear-
ances, et~. and their application to different types of mater-
ials. Squaring of work, indicating of both vise and head are 
to be included in this assignment. The slotter or vertical 
shaper with use of turntable is also included. 
4. Lathe - 120 Hours 
r 
Construction and operation of the lathe. Use of 
collet chuck, four, thr ee, and two jaw chucks, air chucks , 
face plates, and special fixtures. Explanation and use of 
box tools, die heads and the arrangement of tools in tool 
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holders and tux·ret. During these t wo weeks, various setups 
of machines with regard to quantity of pieces is given 
greatest consideration, rather than actual production oper-
ations on the part of the student. 
6. Milling Machine - 120 Hours 
Construction and operation of vertical, h orizontal, 
and production mill. Dimonstration of various types of 
cutters, including slab milling , face mi lling , gang milling, 
straddle milling , and s p iral milling . Use of fly bar and 
b oring head. Construction and use of vertical attachment. 
Profiling and use of turntable . Plain, differential, and 
compound indexing with emphasis on the dividing head. 
7 . Grinders - - - 8 0 Hours 
Construction and operation of drill grinder, surface 
grinder, cylindrical grinder, internal grinder, and cutter 
grinder. Alon g with this t h e use of the various accessories 
associated with each machine including such things as sine 
bar, sine chuck, 11 V11 blocks, magnetic parallels, ang le plates, 
and radius dresser . 
8. Office Work - - - 24 Hours 
Planning of jobs, ordering mate r i al , dispatching the 
f ollow-up of production jobs. Method of filing and routing . 
Emphasis in this assignment will be placad on planning . 
REFRESHER COURSES 
James A. Brownlow, president of t he Metal Trades 
Department AFL/CIO, wrote in 1956 : 
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11 The future we lfare and security of the s kil led 
craftsman will depend upon his mastering all of the skills 
of his trade, which will include many innovations. Many 
journe ymen have not been trained in some of the ne w mac h inery, 
new teclmiques, new materials, and new methods which are 
coming in to al l industr ies. If these journeymen are to con-
tinue to expect emp loyment and position in the industry, it 
will be necessary that the y maste r these new thing s as they 
enter the indus try."-~-
Thi s is an interesting statement coming from a suc-
cessful labor leader.. It points u p the fact that in spite 
of labor's opposition to changes and improvements in prod-
u ction methods , the industry of this country has advanced so 
far and so fast that many of the skills of the craftsman are 
being replaced by new and more comp le x skills. New methods 
requiring as much skill as t hose which they have succeeded 
n ow necessi t ate additional training for many journeymen . 
Just as the professional men must take p ost - graduate courses 
to furth er his knowledge, so too must the journeyman continue 
h is training if he is to kee p pace with the rap id changes in 
his trade. F'urthermore, many journe-;)rrnen with skilled crafts-
man status did not c on~ through apprenticeship and many are 
without technical knowledge of t heir trade which today is 
becoming increasing ly essential. It is important to encourage 
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these journeymen to attend classes and get this knowledge .. 
So1re may also need practical training in certain aspects of 
the trade . It i s for this l a tter purpose that the Central 
Training Room can be put to good use . I do not wish to 
suggest that wholesale retraining of workers be conducted. 
Tha t would be both wasteful and extravagant . 'I'he costs of 
tra i ning ar~ far too h i gh t o warrant the removal of a produc-
tive worker from the shop merely to broaden his ability. 
However , training of shop worke rs c an be justified under t he 
proper conditions. As l on g as they are ke pt working on pro-
ductive jobs, a nd as long as there is the likelihood that the 
increased ski l l of the j ourne ymen wi l l resu l t in higher pro-
ductivity for the company, the money expended in their training 
will be well spent. Be cause of recruiting difficultie s, sick-
nesses, and dropouts, it i s n ot uncommon to find vacancies in 
the Central Tra ining Room . Dur i n g these periods selected 
workers can be brought to t he training room for short periods 
of time rang ing f orm 1-5 days . Planning traini ng schedules 
for short courses such as this is practically impossible be-
cause t he needs of the indi vidua l vary so wide l y. However, 
i n such cases the defi c iencies of the worker will usually pr e-
s cribe an area in which training schedules can be prepared 
with very short notice . Selection of the workers wi ll gener-
ally be determined by the recommendations of the fore men and, 
in some cases, by the union re pr esentat i ve. Efforts should 
be made to remove any stigma which might be attached to such 
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a n assignment arising from t he feeling that i t i s for re medial 
workers only. This can easily be done by care fully selecting 
workers who show promise and intelligence in their routine 
assignments. 
ADVANTAGES OF APPRENTICESHI P 
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Re gardless of the type of program, the size of the com-
pany, or the leng th of time spent in training, a pprentice pro-
grams are valua ble to a ll parties involved. For the a pprentice, 
it means that he will thoroughly learn a skilled trade, an 
a ssurance of future employment and economic security . If he 
does not choose to remain in the shop but wishes to try for 
higher level p ositions in manufacturing, he will find that his 
training will be his greatest asset in whateve r phase of 
production he specializes. 
F'or management, apprentice training means a ste ady 
supp ly of technical help , not only in the form of machin ists, 
but in engineering and p lanning work as well. Apprentice 
training means quality workmanship and satisfied customers. 
It means increased production at lower costs be cause of the 
ability of the workers and the reduction of was te and spoil-
age . Finally, it means increased loyalty on the part of the 
workers through long association with the company and its 
po licies. 
Finally, apprentice training me ans increased security 
for the nation in genera l by adding to the ski l led work 
force which is s.o indispensable in time of war. Training men 
APPENDIX I 
SMITH-HUGHES ACT ( PUBLIC LAW 347, 64th CONGRESS 
1 . Appropriates ~~3,000,000 annually for salaries of 
t e ache r s of trade, home economics, and industrial subjects. 
(Only $ 600,000 of this appropriation may be used for home 
e conomic s . ) 
2. This a ppropriation is allocated to each state in 
the proportion which its urban p opu lation bears to the urban 
p opulation of the United States. 
3. Fe dera l reimbursements unde r this act are per-
rnissable when the following condit ions have been met : 
(a~ A st a te board for vocational education has been des-
i gnated . 
(b) A satisfa ctory p lan for vocational education has 
bee n submitte d to the Federal Board for Vocational Education . 
(c) Appropriations for teacher's salaries must be e x-
pended only for the services of indiv iduals qualifying under 
the respective classifications in t he state p l an . 
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( d) Fe deral money must be equally mat ched on a state bas i s, 
by state or local money, or both. 
(e) Instruction in schools or cla sses must be u nder 
public supervision or control. 
(f) The controlling purpose of the instruc tion must 
be to fit for useful employment. 
( g ) Instruction must be l ess than college grade and 
designed to meet t he needs of pe rsons over 14. 
(h) The state or local community must provide the 
necessary p lant, equipment, and supplies. 
(i) One third the sum appropriated to any state shall 
be applied to part-time schools or classes. 
(j) Part-time continuation classes* must be held 144 
hours per year. 
( k ) Students must be 16 years of a ge or over in evening 
industrial classes.* These classe s are supplemental to 
the ir daily employment. ( 1~ere is no stipulation as to the 
minimum hours per year for these classes.) 
~~ This classification may include special classes for appr en-
tices . 
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AP PENDIX II 
GEORGE - DEAN ACT (PUBLIC LAW 673, 74th CONGRESS ) 
The major provisions of this Act dealing with trade 
and industrial education are as follows: 
1. An annual appropriation of $ 4,000,000 is provided 
for the salaries and necessary expenses of teachers, super-
visors, and directors of trade and industrial subjects, 
allotted to the state according to the relative size of their 
non-farm population. 
2. The appropriations of this act are in addition to 
those of the Smith - Hughes Act and are subject to the same 
conditions .and limitations e xcept as follows& 
(a:} State or local money, or both, must be expended 
annually, on a state basis, according to the following 
percentages of the federal aid disbursed to the state: 
50% for the fiscal year 1941-1942 ;-~- 60% for 1942-1943; 
70% for 1943-1944; 80% for 1944-1945; 90% for 1945-
1946; 100% or dollar for dollar, thereafter. 
(b) Instead of reimbursement for salaries being 
limited to teacher 1 s salaries, reimbursement for the 
salaries of' vocational supervisors and directors, as 
well as their necessary travelling expenses, is permiss-
able. (This provision makes reimbursement for coordin-
ation possible . 
-::- This would mean 2/3 Federal money and 1/3 State and/or 
local money for the year 1941-1942 . 
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(c) Part -time classes, even though held for less 
144 hours per year may be reimbursed. 
(d) The requirement that one-third the allotment 
to any state must be expended for part-time schools 
or classes includes both part-time day schools and 
classes and evening school classes. 
3 . No approprlation shall be expended in an industrial 
plant except for bona fide training programs not run for 
private profit. 
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